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EXECUTIVE SUMMARY 

This document presents the work plan for the Phase II RFI/RI for Operable Unit 4 (OU4) at the 
U.S. Department of Energy's (DOE'S) Rocky Flats Environmental Technology Site (RFETS) in Jefferson 
County, Colorado. 

The RFI/RI investigation is pursuant to an Interagency Agreement (IAG) between the DOE, the 
U.S. Environmental Protection Agency (EPA), and the State of Colorado Department of Health (CDH) 
dated January 22, 1991. The IAG program developed by DOE, EPA, and CDH addresses Resource 
Conservation and Recovery Act (RCRA) and Comprehensive Environmental Response, Compensation 
and Liability Act (CERCLA) issues. Although the IAG requires general compliance with both RCRA and 
CERCLA, the IAG designates OU4 as a RCRA-lead site. 

As required by the IAG, this Phase II RCRA Facility Investigation/Remedial Investigation (RFI/RI) 
Work Plan addresses the nature and extent of contamination resulting from releases of hazardous 
substances from the OU4 interim closure unit. The Phase I investigation, recently completed at OU4, 
investigated sources and soils, while Phase II is designed to investigate surface water, ground water, 
air, biota, and the environment. 

The initial step in development of the OU4 Phase II RFI/RI Work Plan was a review of the 
existing information pertaining to OU4. Available historical, sitewide, and background data were 
collected through a literature search and a review of the Rocky Flats Environmental Database System 
(RFEDS). The ongoing OU4 Interim Measures/lnterim Remedial Action (IM/IRA) and Phase I RFI/RI data 
were used and incorporated as applicable. The existing information was used in characterizing the 
physical and hydrogeologic setting, determining the preliminary extent of contamination, and in 
developing the site conceptual model. 

Based on this characterization of OU4, data quality objectives (DQOs) have been developed for 
the Phase II RFI/RI. DQOs are qualitative and quantitative statements that describe the quality and 
quantity of data required to meet the objectives of the RFVRI. Through application of the DO0  
process, site-specific goals have been established and data needs identified for achieving these goals. 

In accordance with the IAG, the goals identified for the Phase II investigation for OU4 include 
characterization of the ground and surface waters, and impacts on air, biota, and the environment. 
The investigations studying air impacts have been ongoing under the sitewide air monitoring program 
and no supplemental monitoring is proposed for Phase I I .  Biota studies were completed during the 
Phase I field program. The Phase II RFI/RI effort supporting biota studies will be used to evaluate and 
interpret the previously collected data. 

The general objectives for the Phase II RFI/RI listed below were identified as components for 
the overall characterization of OU4 and development of data for the Corrective Measures 
Study/Feasibility Study (CMS/FS): 

Characterize the surface water, Upper hydrostratigraphic unit (HSU) and Lower HSU 
hydrologic systems, and the hydraulic and chemical interactions between these 
systems, 

Characterize contamination in the OU4 surface water and ground water systems, 

OU4 Phase II_ 
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. Delineate the lateral and vertical extent of ground water contamination, 

Delineate the contribution of upgradient sources to ground water contamination at OU4 
and assess the extent of chlorinated volatile organic compounds that were detected 
in wells just south of SEP 207-C, 

Evaluate contaminant fate and transport characteristics of OU4 media, . 
Evaluate the Interceptor Trench System (ITS) effectiveness, 

Evaluate the Building 774 Pond (Bowman's Pond) water system, and 

Conduct a baseline risk assessment (BRA). 

The Field Sampling Plan (FSP) presented in this Work Plan is designed to generate the data 
needed and to ensure that the data are of sufficient quality to meet the site-specific objectives. The 
FSP uses a flexible, progressive, observational approach and allows for the acquisition and "real-time" 
analysis of data to guide subsequent field activities. "Real-time" analysis indicates that decisions will 
be made while data is being collected in order to direct additional data acquisition in the most effective 
and efficient manner. 

Based dn the amount and reliability of existing information, the sampling and analysis activities 
proposed in the FSP include: 

. Acquire all available surface water, ground water, and soil data in reports, the RFEDS 
database, and other sources to define the chemical contaminants at OU4; determine 
the preliminary extent of ground water contamination at OU4; define the extent of 
surficial soil contaminants adjacent to OU4; and update the site conceptual model. 

Collect water level and in situ specific conductance and temperature measurements, 
and field nitrate analyses in selected wells, piezometers, and surface water locations 
to map the extent of the inorganic contaminant plume; to provide a preliminary 
"snapshot" in time of the extent of the inorganic plume, and to assess whether ground 
water is discharging to North Walnut Creek. 

Initiate surface water and ITS monitoring for stage and flow rates. 

Acquire geophysical data (refraction seismic, ground penetrating radar, 
electromagnetic) to identify preferential ground water flow paths by mapping the top 
of bedrock (both unweathered and weathered), the water table, and high conductivity 
inorganic contaminant plumes. 

Prepare internal documentation of the results and conclusions from the above-described 
tasks. Additional data needs will be identified and recommendations developed for 
further work, such as installing well points and/or new monitoring wells, as well as 
collecting additional soil samples. The locations and procedures for installing well 
points using a drive-point system will also be identified, as appropriate. 

022i724829192.WF OU4 Phew It 
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Install well points in selected areas using a drive point sampling device to evaluate the 
depth to bedrock, measure water levels, and to collect ground water samples. The 
ground water samples will be analyzed in the field for specific conductance and nitrate. 
The purpose of this task is to determine the extent of inorganic ground water 
contamination and to guide the placement of new monitoring wells. 

Collect additional specific conductance, nitrate, and water level measurements in the 
monitoring wells, piezometers, well points, and at locations along North Walnut Creek 
to determine the extent of the inorganic contaminant plume and the interaction 
between surface water and ground water. 

Prepare Technical Memorandum No. 5 (TM5) to document the results gathered during 
all of the previous tasks. A detailed plan with recommendations for the installation of 
new monitoring wells and subsequent work will be presented in TM5. Any additional 
modifications to the Work Plan will also be provided in TM5. 

Install and sample new monitoring wells at the proximate locations presented in this 
Work Plan, as modified by TM5, and log Lower HSU boreholes for geophysical 
properties. 

Analyze ground water, surface water, seep, sediment, soil, and bedrock samples for 
the parameters identified in the FSP, as modified by TM5, to determine chemical 
characteristics, contaminant presence, fate, and mobility characteristics, and physical 
characteristics of OU4 media. 

Conduct and analyze aquifer tests (slug, pumping, and tracer tests) to determine 
aquifer hydraulic parameters for evaluating contaminant fate and transport and to 
support the CMS/FS. 

Data collected during the Phase II OU4 RFI/RI will be incorporated into the existing R E D S  
database. These data will be used to: 

Define ground water quality and characteristics, 

. Support RCRA compliance/baseline risk assessment, and 

Evaluate potential remedial alternatives. 

An  RFI/RI report will be prepared to summarize and interpret the data obtained during the 
investigation. The report will include discussions of the site hydraulics; evaluations of site 
contaminants, their distribution, and chemical and mobility characteristics; and identification of site- 
specific conditions that may limit the potential ground water remedial action alternatives. The report 
will also include the OU4 Baseline Risk Assessment [BRA) Work Plan. The BRA will consists of two 
principal components, the Human Health Risk Assessment and Environmental Evaluation. The baseline 
condition for the OU4 BRA takes into consideration the engineered cover and subsurface liner system 
proposed in the OU4 Phase I IM/IRA Decision Document, and assumes that the liner systems eliminates 
further migration of contaminants and subsequent degradation of ground water over the long term. 
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SECTION 1 INTRODUCTION 

This document presents the Work Plan for the Phase II Resource Conservation and Recovery 
Act (RCRA) Facility Investigation (RFI)/Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA) Remedial Investigation (RI) for Operable Unit No. 4 (OU4) at the Rocky Flats 
Environmental Technology Site (RFETS). 

This investigation is part of a phased program of site characterization, remedial investigation, 
feasibility studies/corrective measure studies, and remediakorrective actions pursuant to the 
Interagency Agreement (IAG) of 1991. Since OU4 is undergoing closure under RCRA interim status, 
the administrative process is slightly different than that of other operable units. IAG Section I.B.l 1 .b 
specifies that the Phase I RFI/RI for OU4 is essentially an amendment to, or resubmittal of, the source 
characterization section of the OU4 Closure Plan (DOE/Rockwell, 1988), which was submitted in draft 
form in 1988. Field activities implemented for the Phase I RFI/RI focused on source and soils 
characterization as required by the IAG, Section I.B. 1 1 .b. The Phase I RFI/RI report is presented as Part 
II of the OU4 Interim Measurehterim Remedial Action (IM/IRA) Decision Document (DOE/EG&G, 
1994). 

The Phase II RFI/RI is required by the IAG to focus on the nature and extent of contamination 
resulting from releases of hazardous substances from the OU4 interim status closure unit. The field 
investigation is required to address the impact of contaminant releases on surface and ground waters, 
air, biota, and the environment. Additionally, the Phase II RFI/RI is required to include a draft 
comprehensive baseline risk assessment. 

1.1 Interaction of Phase II With Other OU4 Activities 

The Solar Evaporation Ponds (SEPs) area is a complex site with numerous RCRA/CERCLA 
activities concurrently underway. Figure 1 .l-1 illustrates the role of the Phase II Work Plan in 
conjunction with these other activities, and the interaction between various projects. This logic 
diagram documents the RCRA/CERCLA process being implemented at OU4, as mandated by the IAG. 

The Phase I1 Work Plan and subsequent field work are designed to complete the remedial 
investigation process begun with the Phase I RFI/RI. The Phase I RFI/RI investigated sources and soils. 
Phase II will investigate air, water, biota, and the environment, and fill data gaps in the Phase I 
investigation. A s  the logic diagram illustrates, the completion of both the Phase I and II remedial 
investigations will provide the data necessary to initiate and support the Corrective Measures 
Study/Feasibility Study (CMS/FS) for OU4. 

Concurrent with the RFI/RI process at OU4 is the IM/IRA process. The OU4 IM/IRA project is 
designed to prevent further contamination of ground and surface waters during the RFVRI and CMS/FS 
processes. Additionally, the IM/IRA at OU4 will be designed to be consistent with the long-term 
solution. At OU4, the IM/IRA involves closure of the sources and vadose zone soils, specifically the 
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SEPs, liners, and soils. It does not address remediation of ground water. The proposed IM/IRA 
alternative involves an engineered cover system. 

The RFVRI and IM/IRA work will be consolidated in the CMS/FS process, which will evaluate 
the need for additional remediation. A s  the logic diagram illustrates, the proposed plan (PPI and 
Corrective Action Decision/Final Action Decision (CAD/FAD) follow the CMS/FS. 

1.2 Summary of the Phase II RFI/RI Work Plan 

The Phase I I  RFI/RI Work Plan focuses on integrating and building upon all relevant previous 
investigations, particularly the Phase I RFI/RI. Data acquisition is based on optimizing the information 
required for evaluation of the nature, extent, fate, and transport of site contaminants, and adequate 
characterization of the risk to human health and the environment. 

The Work Plan consists of the following sections and appendices: 

1. Introduction 
2. Environmental Setting 
3. Data Evaluation and Summary 
4. Data Quality Objectives 
5. Field Sampling Plan 
6. Schedule 
7 .  Baseline Risk Assessment 
8. Quality Assurance Addendum 
9. Standard Operating Procedures 
10. References 
Appendix A: 
Appendix B: 
Appendix C: 
Appendix D: 

Evaluation of the Interceptor Trench System Effectiveness 
Building 774 (Bowman's Pond) Narrative 
Preliminary Sitewide Chemical-Specific Benchmark Tables 
Lists of Specific Analytes for Water Samples 

1.2.1 Environmental Setting 

The environmental setting of OU4 was described in detail in Part I of the IM/IRA Decision 
Document (DOE/EG&G, 1994). Part II of the IM/IRA Decision Document, the OU4 Phase I RFVRI 
Report, presents detailed descriptions of the sources of contamination and the soils present in OU4. 
Section 2 of this Work Plan (Environmental Setting) only provides additional information that is 
pertinent to the Phase I I  work. Surface and ground water resources and quality are further described 
and the site conceptual hydrogeologic model is presented. 

1.2.2 Data Evaluation and Summary 

Section 3.0, Data Evaluation and Summary, documents data evaluated prior to development 
of the FSP. Previous investigations have been reviewed in detail, and existing data have been 
summarized. The primary references reviewed were the Phase I RFI/RI and the RCRA Ground Water 
Monitoring reports for 1992 and 1993. Shortcomings and gaps in the existing data, as well as 
additional data needs, are documented, with emphasis on those media not investigated as part of the 
Phase I work. The effectiveness of the Interceptor Trench System (ITS) was assessed using data from 
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previous investigations, and the details of the assessment are included in Appendix A. The data 
evaluation and summary of data from previous reports are presented. 

1.2.3 Data Quality Objectives and Requirements 

The field sampling program is designed to meet the data quality objectives (DQOs) and 
requirements summarized in Section 4.0. Data users, data uses, RFI/RI objectives, existing data, and 
data needs were considered in designing the DQOs. 

1.2.4 Field Sampling Plan 

The FSP is designed to be a progressive, observational approach for the acquisition of data of 
sufficient quality to satisfy the RFI/RI objectives. The FSP is designed to be flexible and allows for the 
acquisition and "real-time" analysis of data to guide subsequent field activities. "Real-time" analysis 
indicates that decisions will be made while data is being collected in order to direct additional data 
acquisition in the most effective and efficient manner. Existing data, the on-going RCRA ground water 
monitoring program, rapid field-screening assessment techniques, and placement and sampling of 
additional monitoring wells will be integrated to achieve the Phase II RFI/RI objectives. 

The general objectives of the Phase I I  RFI/RI field investigation are to determine the nature and 
extent of contamination, to collect appropriate data for developing the CMS/FS, and to evaluate the 
impact of OU4 on surface water, ground water, air, the environment, and biota. The CMS/FS is the 
next step in the RCRAKERCLA corrective action process and will evaluate remedial action alternatives 
and potential ground. water remediation technologies. Based on these objectives, the overall goal of 
the FSP is to acquire the data needed for a thorough understanding of site hydraulics; site 
contaminants, their distribution and chemical and mobility characteristics; and the identification of site- 
specific conditions that may limit the potential ground water remedial action alternatives. 

e 

The following tasks will be completed in increments as the FSP is implemented. 

Acquire all available surface water, ground water, and soil data in reports, the RFEDS 
database, and other sources to define the chemical contaminants at OU4, determine 
the preliminary extent of ground water contamination at OU4, define the extent of 
surficial soil contaminants adjacent to OU4, and update the site conceptual model. 

Collect water level and in situ specific conductance and temperature measurements, 
and field nitrate analyses in selected wells, piezometers, and surface water locations 
to map the extent of the inorganic contaminant plume, to provide a preliminary 
"snapshot" in time of the extent of the inorganic plume, and to assess whether ground 
water is discharging to North Walnut Creek. 

Initiate surface water and ITS monitoring for stage and flow rates. 

Acquire geophysical data (refraction seismic, ground penetrating radar, 
electromagnetic) to identify preferential ground water flow paths by mapping the top 
of bedrock (both unweathered and weathered), the water table, and high conductivity 
inorganic contaminant plumes. 
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Prepare internal documentation of the results and conclusions from the above-described 
tasks. Additional data needs will be identified and recommendations developed for 
further work, such as installing well points and/or new monitoring wells, as well as 
collecting additional soil samples. The locations and procedures for installing well 
points using a drive-point system will also be identified, as appropriate. 

Install well points in selected areas using a drive point sampling devise to evaluate the 
depth to bedrock, measure water levels, and to collect ground water samples. The 
ground water samples will be analyzed in the field for specific conductance and nitrate. 
The purpose of this task is to determine the extent of inorganic ground water 
contamination and to guide the placement of new monitoring wells. 

Collect additional specific conductance, nitrate, and water level measurements in the 
monitoring wells, piezometers, well points, and at locations along North Walnut Creek 
to determine the extent of the inorganic contaminant plume and the interaction 
between surface water and ground water. 

Prepare TM5 to document the results gathered during all of the previous tasks. A 
detailed plan with recommendations for the installation of new monitoring wells and 
subsequent work will be presented in TM5. Any additional modifications to the Work 
Plan will also be provided in TM5. 

Install and sample new monitoring wells at the approximate locations presented in this 
Work Plan, as modified by TM5, and log Lower HSU boreholes for geophysical 
properties. 

. Analyze ground water, surface water, seep, sediment, soil, and bedrock samples for 
the parameters identified in the FSP, as modified by TM5, to determine chemical 
characteristics, contaminant presence, fate, and mobility characteristics, and physical 
characteristics of OU4 media. 

0 Conduct and analyze aquifer tests (slug, pumping, and tracer tests) to determine 
aquifer hydraulic parameters for evaluating contaminant fate and transport and support 
the CMS/FS. 

1.2.5 Baseline Risk Assessment 

The baseline risk assessment (BRA) is designed to provide a guideline for regulatory compliance 
and an estimate of current or potential risks to human health and the environment that may result from 
releases of hazardous substances to the site in the absence of any remedial action. The BRA 
methodology included in this Work Plan is designed to determine if remedial actions are warranted, and 
if so, the associated cleanup levels necessary to protect human health and the environment. The 
baseline condition for the OU4 BRA will take into consideration the engineered cover and subsurface 
liner system proposed in the OU4 Phase I Interim Measures/lnterim Remedial Action (IM/IRA) Decision 
Document and assumes that the cover/liner system eliminates further migration of contaminants and 
subsequent degradation of ground water over the long term. The BRA consists of two components: 
the Human Health Risk Assessment, and the Environmental Evaluation. The methodology for the BRA 
is presented in Section 7.0. 

0 
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1.2.6 Remaining Sections 

The remainder of the work plan consists of the site-specific QAA (Section 8.01, the Standard 
Operating Procedures (EMD OPS which are also referred to as SOPS in the QAPjP and this work plan) 
(Section 9.0) for performing the field work, references (Section 10.01, and appendices. 

1.3 Phase I1 RFllRl Goals 

In accordance with the IAG, the goals identified for the Phase II RFI/RI include evaluation of the 
impact on surface waters, ground waters, biota, air, and the environment by the release of hazardous 
substances. The DQO section of this Work Plan addresses the Phase II RFI/RI goals via development 
of site-specific objectives and data needs. The tasks presented in the FSP are designed to meet the 
site-specific objectives. The general objectives of the Phase I I  RFI/RI field investigation are to 
determine the nature and extent of contamination, to collect appropriate data for developing the 
CMS/FS, and to evaluate the impact of OU4 on surface water, ground water, air, the environment, and 
biota. This will be accomplished by acquiring the data needed for a thorough understanding of site 
hydraulics; site contaminants, their distribution and chemical and mobility characteristics; and by 
identifying site-specific conditions that may limit the potential ground water remedial action 
alternatives. 

@ 1.4 Proposed RFI/RI Report Format 

Po document the field investigation proposed in this work plan, and to further support 
achievement of the Phase II RFI/RI goals, an RFI/RI report will be prepared at completion of the field 
investigations. The report will: 

. Describe field activities, including any deviations from this work plan, 

Discuss site physical conditions, incorporating knowledge gained during this field 
investigation, 

Present site characterization results, addressing the focus of this work plan; ground and 
surface waters, air, and environment, 

Discuss contaminant fate and transport, 

. Present the baseline risk assessment, and 

Present a summary of findings and conclusions. 

EPA guidance (EPA, 1988) presents a suggested RI report format. It is included in this section 
as Table 1.4-1, and will be used as the template for development of the RFVRI report for the OU4 
Phase II investigation. Not every section of this suggested format is appropriate for the Phase II 
investigation, so the completed OU4 Phase II RFI/RI report will vary somewhat from this outline. 
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TABLE 1.4-1 

SUGGESTED RI REPORT FORMAT 

Executive Summary 

1. Introduction 
1.1 Purpose of Report 
1.2 Site Background 

1.2.1 Site Description 
1.2.2 Site History 
1.2.3 Previous Investigations 

1.3 Report Organization 

2. Study Area Investigation 
2.1 Includes field activities associated with site characterization. 

2.1.1 Surface Features (topographic mapping, etc.) (natural and manmade features) 
2.1.2 Surface Water and Sediment Investigation 
2.1.3 Ground Water Investigations 
If technical memoranda documenting field activities were prepared, they may be 
included in an appendix and summarized in this report chapter 

2.2 

0 
3. Physical Characteristics of the Study Area 

3.1 Includes results of field activities to determine physical characteristics. These may 
include some, but not necessarily all, of the following: 
3.1 e 1 Surface Features 
3.1.2 Meteorology 
3.1.3 Surface Water Hydrology 
3.1.4 Geology 
3.1.5 Soils 
3.1.6 Hydrogeology 
3.1.7 Demography and Land Use 
3.1.8 Ecology 

4. Nature and Extent of Contamination 
4.1 Presents the results of site characterization, both natural chemical components and 

contaminants in some, but not necessarily all, of the following media: 
4.1 1 
4.1.2 Soils and Vadose Zone 
4.1.3 Ground Water 
4.1.4 Surface Water and Sediments 
4.1.5 Air 

Sources (lagoons, sludges, tanks, etc.) 
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TABLE 1.4-1 Continued) 

SUGGESTED RI REPORT FORMAT 

5. Contaminant Fate and Transport 
5.1 
5.2 Contaminant Persistence 

Potential Routes of Migration (i.e,, air, ground water, etc.) 

5.2.1 If they are applicable (i,e., for organic contaminants), describe estimated 
persistence in the study area environment and physical, chemical, and/or 
biological factors of importance for the media of interest. 

Discuss factors affecting contamination migration for the media of importance 
(e.g., sorption onto soils, solubility in water, movement of ground water, etc.) 
Discuss modeling methods and results, if applicable. 

5.3 Contaminant Migration 
5.3.1 

5.3.2 

6. Baseline Risk Assessment 
6.1 Human Health Evaluation 

6.1.1 Exposure Assessment 
6.1.2 Toxicity Assessment 
6.1.3 Risk Characterization 

6.2 Environmental Evaluation 

7. Summary and Conclusions 
7.1 Summary 

7.1 .l 
7.1.2 Fate and Transport 
7.1.3 Risk Assessment 

7.2 Conclusions 
7.2.1 
7.2.2 Recommended Remedial Action Objectives 

Nature and Extent of Contamination 

Data Limitations and Recommendations for Future Work 

Appendices 
A. 
8. 
C. Risk Assessment Methods 

Technical Memoranda on Field Activities (if available) 
Analytical Data and QA/QC Evaluation Results 
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SECTION 2 ENVIRONMENTAL SETTING 

This section describes the environmental setting of OU4. Figure 2.0-1 shows the major 
structures and elements of the OU4 area. Much of the OU4 environmental setting has been described 
in the OU4 IM/IRA Decision Document (DOE, 1994). Only those aspects of the environmental setting 
which are of particular interest to this work plan are discussed in further detail below. 

In particular, Section 1.4 of the 0U4  IM/IRA Decision Document provides information about 
engineered features and structures, demography and land use, topography and geomorphology, 
meteorology and climatology, site and local ecology, and site and local cultural resources. Section 1.4 
also provides a concise, but thorough, description of the regional and local geology, which will not be 
repeated in this section. The OU4 Phase I RFI/RI Report, included as Part II of the IM/IRA Decision 
Document, offers detailed descriptions of the sources of contamination and the soils present in OU4. 

2.1 Hydrogeology 

Ground water present beneath OU4 flows principally in two hydrostratigraphic units (HSUs). 
The Upper HSU is composed primarily of the alluvial and colluvial material, which includes the Rocky 
Flats Alluvium, the valley fill alluvium, and colluvium. In areas where the underlying Arapahoe 
Formation is sandstone, weathered and fractured claystone, or siltstone, it is included in the Upper 
HSU because of the hydrologic connection. The ground water in the Upper HSU occurs under 
unconfined conditions. The Lower HSU beneath RFETS includes sandstone units of the Arapahoe 
Formation and the Laramie/Fox Hills Aquifer. Ground water in this unit is confined by interbedded 
claystones and silty claystones. Figure 2.1 -1 illustrates the OU4 hydrostratigraphic column, presenting 
the various lithologic units, the Upper and Lower HSUs, and the relative hydraulic conductivities. 

0 
2.1 .l Hydrogeologic Model 

Unconfined ground water flow in the unconsolidated materials is influenced by: 

Upgradient sources, 
Recharge from precipitation, 
Historical leakage from the ponds, 
Drainage into the ITS, 
The topography of the bedrock surface and bedrock lithology, and 
Potential recharge from drainage culverts (EG&G, 1 993a). 

Of these factors, it appears that the topography of the bedrock surface is the principal 
controlling factor of the direction of ground water flow. Figure 2.1-2 presents a map of bedrock 
topography. Bedrock topography also influences the saturated thickness of the alluvial materials. 
Thicker sections of saturated unconsolidated material occur in topographic depressions of the bedrock 
surface. East of the SEPs, an east-trending bedrock high acts as a ground water divide and directs 
flow within the surficial materials. Large areas of alluvial unconsolidated sediments exist to the east 
and southeast of the SEPs. Figures 2.1-3 and 2.1-4 show generalized potentiometric surfaces for the 
unconsolidated materials and weathered bedrock, respectively (EG&G, 1 993a). 

Ground water flow within the weathered bedrock has not been fully characterized. 
Characterization of ground water flow will be performed as part of the Phase I I  RFI/RI. However, initial 
interpretations suggest that downward vertical gradients exist between the unconsolidated materials 0 
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and the weathered bedrock. Downward vertical gradients are known to exist in other OUs at RFETS 
where characterization has been completed (EG&G, 1 993a). 

2.1.2 Water Quality 

To evaluate water quality at OU4, all available historical water quality data were reviewed. The 
primary water quality reference for this work plan was the 1992 RCRA Ground Water Monitoring 
Report. After development of the draft version of the work plan, the 1993 RCRA report was issued. 
The 1 993 report was reviewed and differences in the data have been incorporated into the final version 
of the work plan. 

Radionuclides, nitratehitrite, and volatile organic compounds (VOCs) have been detected in 
wells screened in alluvial sediments and weathered bedrock. Semivolatile organic compounds (SVOCS) 
have not been historically detected in ground water. A focus of the Phase I I  RFI/RI will be to delineate 
which of these contaminants are originating within OU4 and which are migrating to OU4 from 
upgradient sources within the RFETS industrial area (EG&G, 1993a). 

In general, higher concentrations of radionuclides in ground water occur in wells immediately 
adjacent to the SEPs or hydraulically downgradient to the east, north, south, and southeast as 
indicated by the maps of radionuclide occurrences (Figures 2.1-5, 2.1-6). Radionuclides were also 
detected in wells along North Walnut Creek at activities typically 50 to 70 percent below those 
measured in well 2886 (EG&G, 1993a). 0 

Nitratehitrite appears to be a good indicator of contaminant migration because of its historical 
presence in the SEP liquids, high mobility in ground water, and presence in elevated concentrations 
downgradient of the SEPs. Isopleth maps for nitratehitrite in the unconsolidated materials are 
presented in Figure 2.1-7 (EG&G, 1993a). 

VOCs were detected in both unconsolidated material and weathered bedrock, with the most 
frequent detections occurring in the area of SEP 2 0 7 4  (Figures 2.1-8 and 2.1-9). 

2.2 Surface Water Quality 

The major drainage basins that receive runoff from OU4 are North Walnut Creek and South 
Walnut Creek. These streams are intermittent, generally flowing only after precipitation and snowmelt 
events. A series of retention ponds known as the A-series ponds are located on North Walnut Creek, 
and a series of retention ponds known as the 8-series ponds are located on South Walnut Creek (Figure 
2.2-1). South Walnut Creek joins North Walnut Creek and an unnamed tributary coming from the 
landfill area within the buffer zone. Walnut Creek then flows approximately one mile to the east into 
the Broomfield Diversion Ditch, bypassing Great Western Reservoir. 

2.2.1 North Walnut Creek 

Surface topography indicates that North Walnut Creek receives surface water runoff from the 
SEP area, the 700 and 300 Building Complex areas, and the northern and eastern portion of RFETS 
(Rockwell International, 1988). Topography also indicates that surface water from the 700 and 300 
Building Complexes flows into North Walnut Creek above the A-series retention ponds (Figure 2.2-1 1. 
However, a significant amount of the runoff from the general SEP area is intercepted by the ITS. Thus, 
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the ITS limits the amount of contamination transported to North Walnut Creek via surface water runoff 
(Rockwell International, 1988). The effectiveness of the ITS is discussed in Section 3.3 and Appendix 
A of this report. 

Currently, the two westernmost retention ponds, A-1 and A-2, are used only for spill control, 
and North Walnut Creek stream flow is diverted around them through an underground pipe. Ponds A-1 
and A-2 have been used for storage and evaporation of laundry water in the past. Pond A-3 receives 
the North Walnut Creek stream flow and runoff from the northern portion of the RFETS. Pond A-4 is 
designed for surface water control and storage capacity for overflow from Pond A-3 (Rockwell 
International, 1988). 

Surface water samples collected in the A-series ponds during 1986 and 1987 were analyzed 
for various constituents. Analytes exceeding detection limits included manganese, thallium, iron, and 
total dissolved solids (TDS). However, discharges from the A-series ponds are in compliance with the 
conditions listed in the RFETS's National Pollution Discharge Elimination System (NPDES) permit 
(Rockwell International, 1 988). 

2.2.2 South Walnut Creek 

South Walnut Creek is located south and east of the SEP area. South Walnut Creek receives 
surface water runoff from the central portion of RFETS in addition to the area south and southeast of 
the SEPs. Surface drainage patterns also indicate that the Mound and 903 Pad areas of OU2, south 
of the SEPs, contribute to flow in South Walnut Creek (Rockwell International, 1988). Figure 2.2-1, 
Surface Water Features, includes the South Walnut Creek drainage system. 

0 

The 903 Pad, Mound, and East Trenches Areas (OU2) Remedial Investigation Report (EG&G, 
1993) attributes most of the surface water contamination in South Walnut Creek to the Mound and 
903 Pad areas. Previous reports conclude that the SEPs are not contributing to South Walnut Creek 
contamination (Rockwell International, 1 988). , 

2.2.3 Seeps 

Seepage resulting from the discharge of ground water has historically been observed on the 
hillside north of the SEPs. Six seepage control trenches were installed beneath the seeps to control 
flow from specific seeps. Subsequently, the ITS was installed in the Upper HSU to control the flow 
of both surface and ground water north of the SEPs. At present, the ITS appears to be partially 
controlling the seeps north of the SEPs. The effectiveness of the ITS system is addressed in Section 
3.3 of the work plan. Both the seeps and the ITS will be further investigated as part of the Phase II 
RFI/RI. 

2.2.4 Bowman's Pond 

Bowman's Pond is located southwest of the western extension of the ITS (Figure 2.2-2). 
Before the fall of 1992, Bowman's Pond served as a collection area for water from the Building 
771 /774 footing drains. Bowman's Pond was connected to the ITS via the West Collector. The West 
Collector is a sump located in Bowman's Pond at the western end of the southern extension of the ITS. 
The West Collector drained the pond into the ITS, keeping the water level of the pond within its berms. 
However, since the fall of 1992, pond draining no longer occurs. Because no flow through the West 
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Collector has been identified during field observations in 1993, it appears that there is no longer a 
connection between the West Collector and Bowman's Pond. As a result, runoff inundated the general 
area around the pond and West Collector during the spring and summer of 1993. An  in-depth 
discussion of the relationship between Bowman's Pond and the ITS is given in Section 3.3. 
Additionally, Bowman's Pond history and current status is the subject of Appendix B of this report. 
Further investigation of this area is proposed in Section 5, the Field Sampling Plan. 
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SECTION 3 DATA EVALUATION AND SUMMARY 

3.1 Review of Existing Data 

This section describes the many previous investigations of subsurface conditions at OU4 and 
evaluates their usefulness for the development of the Phase II RFI/RI Work Plan. Information and 
conclusions from the previous investigations have been used specifically to support development of 
the FSP section of the Phase II work plan. A brief discussion of the previous investigations follows, 
and all previous studies are summarized in Table 3.1-1. 

In 1951, before any buildings or structures were built, the area now occupied by the SEPs was 
evaluated to determine the suitability of the site for a pond (Mudge and Brown, 1952). The results 
of these evaluations are contained in Mudge and Brown's 1952 report, Geoloav and Groundwater of 
the Rockv Flats Area. This document discusses the geology of the site and the ground water as it was 
known from document review and from a review of cores from testholes. Mudge and Brown drilled 
these test holes in the vicinity of the proposed major buildings (Buildings 771, 881, 444, and 123) to 
determine geotechnical properties of the subsurface for design purposes. Much of the ground water 
information contained in Mudge and Brown (1 952) was based on the Austin Company's (1 951 1 Reeoq 
on Findinas Pertainina to Underaround Waters at the Rockv Flats Plant, which recommended drilling 
of several wells upgradient and downgradient of the site to monitor the ground water. Both of these 
documents indicate that pediment gravels overlie impervious clays but that the clays are fractured and 
capable of transmitting water downward, Mudge and Brown (1 952) concluded that the area was not 
suitable for an unlined pond because of the potential for downward migration of water. Approximately 
two years after these studies, the first solar evaporation pond (a clay-lined pond designated "Pond 2A") 
was constructed and lined with a bentonite liner. 

a 

In 1954, a spring on the hillside north of the pond was sampled and determined to be 
contaminated by nitrate. The Waste Disposal Coordination Group concluded that the contamination 
in the spring was a result of leakage from Pond 2A. A test well was dug at the northeastern corner 
of the pond and the spring was enlarged so that water samples could be collected. These actions and 
the subsequent monitoring of the spring were reported in the monthly progress reports of the Rocky 
Flats Waste Disposal Coordination Group but not summarized in any investigative studies. An  increase 
in both nitrate concentration and alpha radioactivity was observed during spring monitoring in Pond 2A 
and 2D. In 1955, earthen Pond 2-Auxiliary was constructed to supplement the existing capacity of 
original Pond 2. In 1956, Pond 2A (later redesignated as 207-A), which provided significantly more 
capacity than Pond 2, was constructed with an asphalt liner to help control leakage identified in 1954. 
In 1959, a third earthen pond was constructed for limited-term studies of waste oxidation. This pond 
is believed to have been identified as either Pond 2C or Pond 2D. The increasing process waste flows 
and the need for additional evaporative capacity prompted the construction of the second asphalt-lined 
solar evaporation pond in late 1959 and early 1960. This pond was designated Pond 28  at the time, 
but was later renamed 207-B. The pond consists of three cells, typically referred to as North, Center, 
and South. Use of the 207-8 Series SEPs began in May 1960, but leaks from these ponds were 
observed almost immediately. a 
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Therefore, the 207-8 Series SEPs were taken out of use and refurbished. The 207-8 South cell was 
returned to service in November 1960, but 207-8 Center and North cells were not returned to service 
until August 1961. As a result of the leakage, six monitoring wells (monitoring wells 01 60 through 
0660) were installed in the vicinity of the 207-8 SEPs in the fall of 1960. These wells were routinely 
monitored for pH, specific gravity, nitrate, radionuclides, and total suspended solids through the late 
1980s. Because the monitoring program was performed as part of the routine operation of the SEPs, 
the data were never integrated into a specific report but were instead reported in monthly process 
waste operations reports. In general, the monitoring results contained in the monthly Process Waste 
History/Progress reports showed large variations in contaminant concentrations. Values for the six 
wells sampled monthly during 1961 are as follows: pH, 7.4 to 8.7; total activity, background to 90 
disintegrations per minute per liter (dpm/L); NO,, c 5  to 2,000 parts per million (ppm); and specific 
gravity 1 .OOO to 1.004. Samples taken in January 1970 indicate nitrate varied from 10 to 23,700 
ppm and total dissolved solids varied from 315 to 22,815 ppm. Some evidence of contaminant 
movement into the ground water was suggested by elevated concentrations of some contaminants, 
particularly nitrate. In 1992, all of these wells were abandoned as part of the Well Abandonment and 
Replacement Program (WARP). 

Chemical analyses of SEP pond waters available for use in this study include partial and 
complete analyses of samples collected on the following dates: February 25, 1958, June 16, 1958, 
February 10, 1959, September 29, 1960, October 16, 1961, October 31, 1962, July 1, 1986, and 
May 13-23, 1991. Considerable variability exists in the completeness and quality of these analyses. 

Subsurface drainage tiles were installed between SEP 207-A and the 207-8 Series SEPs in 
December 1959, and immediately east of the 207-8 Series SEPs in 1961. The purpose of the drainage 
tiles was to intercept several seeps beneath the eastern berm of SEP 207-A identified during 
construction of the 207-6 Series SEPs and to prevent seeps from forming east of the 207-6 Series 
SEPs after their construction. Between the time of construction, 1959 and 1961, and 1970, the 
drainage tiles discharged as surface flow on the hillside. Discharged water was periodically collected 
and sampled for nitrate and radioactivity. These data indicate large variations in contaminant 
concentrations as well as flow from the drain tiles, Values for seep samples collected during the 
1960s varied from 30 to 60,000 dpm/L total activity, 1,500 to 3,400 ppm nitrate, and pH of 7.0 to 
7.9. In 1970, steel drums were partially buried at the discharge points and identified as Sump 1 
(located a t  the northeastern corner of 207-8 North) and Sump 2 (northern end of drainage tile between 
207-A and 207-B North. Water from these sumps was pumped to SEP 207-A or SEP 207-8 North. 
Data for Sump 1 and 2 samples collected in the 1980s are summarized in the 1988 RCRA Solar 
Evaporation Ponds Closure Plan (Rockwell International, 1988). During the 1950s and early 1960s, 
the RFETS Site Survey Group periodically monitored the area around the SEPs for radioactivity. Items 
typically monitored by the Site Survey Group consisted of soils, structures, and, occasionally, vehicles. 
Monitoring was performed routinely as well as in response to specific events. As with the activities 
of the Waste Disposal Coordination Group, the Site Survey Group reported their activities in monthly 
progress reports which were not summarized in a specific report on this topic. One of the specific 
events which involved the Site Survey Group was the removal of the soil from Pond 2-Auxiliary in 
1962 prior to the construction of Building 779. 

* 

In 1966, three deep wells designated DPl-66, DP2-66, and DP3-66 were drilled to monitor 
ground water conditions (Ryan, 1966). The depth of these wells was 159'8" for DP1-66, 150'1 1 " 
for DP2-66, and 147'5" for DP3-66 (Ryan, 1966). Well DP1-66 was screened across the Rocky Flats 
Alluvium and the Arapahoe Formation and wells DP2-66 and DP3-66 were completed only in the 
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Arapahoe Formation. Two  of the wells, DP2-66 and DP3-66, were located east of the SEPs in the 
OU4 area. The results of well analyses were periodically reported in the monthly reports of the Waste 
Disposal Coordination Group. 

As the use of the SEPs increased due to expanded production at  the RFETS, the landslide 
potential of the hillside north of the SEPs was considered. An investigation was performed on the 
stability of the hillside which included the drilling of 10 testholes (Woodward-Clyde & Associates, 
1970). Many of the holes were equipped with perforated casing to monitor water level fluctuations. 
The study concluded that the hillside was at high risk of failure, particularly with the probable addition 
of water from the SEPs. It was recommended that a french drain system be installed to  remove 
ground water from the area in order to stabilize the hillside. 

In 1971, an additional well (Well 6-71 ) was installed on the hillside north of the SEPs. The well 
was installed as part of a program to  expand sitewide monitoring of ground water at the RFETS. The 
program was motivated by such events as the 1969 fire, cleanup of 903 Pad contamination, and the 
removal of the leaking drums from the Mound, as well as a general increased awareness of the need 
for environmental protection. 

In October 1971, Trenches 1 and 2 were dug northeast of SEP 207-8 North and SEP 207-A, 
respectively. Initially, ground water which collected in the partially buried drums on the downhill ends 
of the trenches was manually pumped into pre-existing buried drums identified as Sumps 1 and 2,  from 
which collected water was pumped to the SEPs. By May 1972, automatic pumps were installed in the 
trenches. Shortly thereafter, Trench 3 was constructed. The locations of the trenches were selected 
based on visual observation of stressed vegetation. The observations were made by the operators of 
the SEPs; no formal study was performed for this remedial action. The water collected in the trenches 
was analyzed and returned to the SEPs. In the spring of 1973 particularly high precipitation occurred 
and the trenches were allowed to  overflow to  prevent overtopping of the SEPs which were nearly full. 
Trenches 4 and 5 were dug in April 1974, and Trench 6 was installed in July 1974. 

@ 

In 1974, the presence of high nitrate concentrations in the soil north and northeast of the SEPs 
was recognized. The total quantity of nitrate present in the soil was evaluated to identify a cost- 
effective method of nitrate removal. Conditions were investigated by drilling 56 soil borings (Dow 
Chemical, 1974) in grid patterns in three areas north of the SEPs known to have high concentrations 
of nitrate. Soil samples were collected at 1 -foot intervals from each borehole. It was concluded that 
approximately 60 percent of the total quantity of nitrate was located within 5 feet of the ground 
surface. It was also noted that little, if any, nitrate was entering North Walnut Creek. Later that year, 
the results of the nitrate in soil study (Illsley, 1974) were summarized. According to Dow Chemical 
Company (Illsley, 19741, the data collected during the early 1970s indicated that the presence of 
nitrate in the soil was a seasonal problem. A drawing was presented which showed soil nitrate 
concentrations which defined an elongated anomaly centered along the bifurcated drainage. Several 
solutions were presented to mitigate the problem, including the following: 

ln situ aqueous leaching followed by treatment of the leachate; 

Soil removal (the excavated material could then be used as organic fertilizer); and 

ln situ bioremediation. 
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Several investigations unrelated to the SEPs were performed elsewhere on the Rocky Flats 
pediment in the early 1970s to delineate the shape of the bedrock surface beneath the alluvium with 
particular emphasis on the channeling of ground water (Ackermann, 1974; de Oliveira, 1975). The 
bedrock surface was delineated using seismic refraction methods and was shown to be highly irregular. 
Although based on data collected elsewhere, bedrock characteristics such as irregularity are also 
applicable to the SEP area. 

During the early 197Os, the Water Control and Recycle study was performed. (The 
recommendations of the study were later implemented as the Water Control and Recycle Program.) 
This program focused on control and monitoring of subsurface and surface waters at RFETS in an 
attempt to achieve zero discharge from the plant site. In addition, it analyzed the proposed water 
recycle system for non-process wastewaters and evaluated the effects of certain types of natural 
disasters on water control and recycle. Of particular interest, the study addressed the SEPs and North 
Walnut Creek. A portion of the project specifically addressed ground water transport of nitrate from 
the area of the SEPs into North Walnut Creek (Engineering-Science, Inc., 1975). It was stated that 
during the operation of the SEPs, cracks developed in the lining of the ponds and nitrate wastes 
entered the ground water and migrated downslope. The nitrate-bearing ground waters discharged at 
the surface as seeps, indicated by dead or stimulated vegetation, depending on the concentration of 
nitrate. Nitrate was subsequently found in North Walnut Creek but at concentrations below the 
drinking water standards of 10 milligrams per liter (mg/L) nitrate (as N) most of the year. The report 
suggested that radionuclides were not detected due to the filtering action of the soil and the ion 
exchange capacity of the clay. e 

As part of the Water Control and Recycle Study, 31 testholes were drilled in 1975 and the 
resulting ground water nitrate data were evaluated in conjunction with data collected during the 
previous two and a half years from the existing wells, trenches, and sumps in the area. Based on 
ground water nitrate concentrations, an anomalous area was identified north of the SEPs extending 
toward North Walnut Creek. The results of the 1974 ground water and soil studies performed by DOW 
and Woodward-Thorfinnson were compared to the 1975 results, and it was concluded that the 
majority of the nitrate was held in the more permeable lenses of the soil (Dow Chemical, 1974). It was 
further concluded that the nitrate would continue to be leached from the soil and transported in ground 
water toward North Walnut Creek. 

Abatement measures were undertaken in the mid-1970s at the SEPs as part of the 
implementation of the Water Control and Recycle Program. Water and waste streams were identified 
sitewide, and a master plan was developed to transfer liquids among the various ponds in the drainage 
basins and the SEPs. A new reverse osmosis plant in Building 91 0 was placed in service in 1979 for 
removal of dissolved solids from post-treatment sanitary effluent. As part of the Water Control and 
Recycle Program, sanitary waste water effluent was pumped from Building 995 (sanitary treatment 
plant) to SEP 207-8 South for flow equalization priorto treatment in Building 91 0. For various reasons, 
the treatment efficiency of the system did not meet design criteria and the facility was effectively 
removed from service in 1984. Two open beds adjacent to Building 91 0 originally were used to store 
brine from the reverse osmosis process; since discontinuation of the reverse osmosis process, the beds 
have been used for drying sludge from the sanitary treatment plant. 

As part of implementing the Water Control and Recycle Program, the 207-8 Series SEPs were 
cleaned and prepared for water storage for the proposed reverse osmosis plant in early 1975. This 
involved removing liquids and sludges from the B Series SEPs and transferring them to SEP 207-A, 
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removing the liner from 207-B North, installing a flexible membrane liner in 207-8 South, and cleaning 
the bottoms of the SEPs with water. During the course of the work, low-level alpha contamination 
was detected around the perimeters of the SEPs. Soil contamination was also detected on the 
downwind side of SEP 207-A. Contaminated soils from around the SEPs and in the area of the 
proposed Building 910 were removed over the next several years. In the summer of 1976, the 
effectiveness of the cleanup of the 207-8 SEPs was evaluated, and contamination was found on and 
under the liner and in nearby soil. 

Later that year, a program of sampling and direct counting was initiated which consisted of 
coring the liner and augering into the deeper soil beneath some of the SEPs (primarily SEP 207-B 
North). Based on these data, a map of activity levels in the vicinity of the SEPs was prepared. The 
following spring, soil removal at the SEPs was begun on a larger scale. Throughout the soil removal 
activities, the air was monitored for increased radioactivity due to ground disturbance. Although a dust 
control program involving the application of water or Coherexm (a petroleum-based dust suppressant) 
was implemented, operations were frequently halted because of excessive levels of long-lived alpha 
activities in the air. Concurrently, contaminated soil was removed in the Triangle Area (IHSS 165) east 
of the SEPs. Both programs removed sufficient soil such that radioactivity was no longer above the 
level of concern (approximately 250 counts per minute (cpm) for alpha activity); however, the soil 
removal resulted in significant alteration of the surface topography. 

From July 1975 to December 1975, a sitewide program was undertaken to evaluate the non- 
nuclear remote-sensing studies performed at the RFETS (Lackey et ai., 1976). Several methods were 
employed to investigate the existence of possible faults or shear zones near the site. As part of the 
program, the locations of seeps were identified plantwide. It was concluded that most SEP leakage 
probably surfaced as seeps on the sloping sides of the channel valleys at the interface between the 
Rocky Flats Alluvium and bedrock strata. Additional hydrological and geological studies were 
recommended. 

e 

The design of the Perimeter Security Zone (PSZ) (a double-fenced zone surrounding the 
Protected Area (PA) required drilling more than 100 boreholes for determination of subsurface 
conditions. Fourteen of the boreholes were drilled in the area of the SEPs in late 1978. Additional 
investigation was performed in 1979 to evaluate a PSZ alignment change on the hillside north of the 
SEPs (CTLTThompson, Inc., 1979). Previous investigators had identified the area as having a high 
potential for landslide movement (Woodward-Clyde & Associates, 1970). The CTLflhompson (1 979) 
report includes a description of the subsurface soil and ground water conditions encountered in five 
of the boreholes in the area of greatest landslide potential. The field investigation found that both the 
clay and claystone bedrock underlying the alluvium contained shear zones indicating prior disturbance 
and confirmed previous conclusions regarding landslide potential. Some of the conclusions of the 
report are as follows: most of the bedrock within the depth investigated is disturbed from past ground 
movements; the hillside is underlain by both ancient and recent landslides; and the planned 
construction of deep fills on the hillside for the Psi! would contribute to instability by loading the weak, 
disturbed natural materials. 

The CTLlThompson report (1 979) evaluated three stabilization options. The first, which was 
considered the most complex and costly, involved excavation of the disturbed soils and replacement 
with an engineered buttress fill. The second option was to dewater the hillside. The third and the 
most strongly recommended option was to flatten the fill slopes or construct stabilizing berms downhill 
of the planned construction. The effectiveness of the dewatering option was considered somewhat 
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uncertain because of limitations on the practical depth of dewatering and the presence of nonuniform 
water table conditions. The CTLflhompson report (1 979) concluded that ground water was flowing 
in distinct channels on the hillside as evidenced by the many seepage areas at the ground surface and 
the variable depth to water in the boreholes. The conceptual design of a subsurface drainage system 
for the dewatering option involved 4-inch diameter perforated pipe placed in trenches backfilled with 
clean coarse-grained sand. The trenches were to be on 100-foot centers and approximately 5 feet 
deep, and graded to drain by gravity to a central collection sump. 

In 1981, it was necessary to remove excess ground water from the area where the fences and 
patrol roads associated with the PA were to be constructed. The installation of the fences and the 
patrol roads necessitated the destruction of several of the collection trenches on the hillside north of 
the SEPs. A new french drain system was constructed in April 1981 and the six trenches and two 
sumps were taken out of service. The hillside was significantly altered with the PA construction 
activities, including up to 25 feet of fill applied beneath the PSZ. In the area of the SEPs, fill material 
was added which had different geotechnical properties than the previously characterized native 
materials. 

To meet federal environmental regulations, an Environmental Impact Statement (EIS) for the 
RFETS was compiled in 1980. In the EIS, a synopsis of the environmental impact of the SEPs was 
presented. Most of the information was taken from previously existing documents, which have been 
discussed in this section. * 

In early 1982, nitrate-contaminated seepage on the hillside below the SEPs became a concern. 
Water emanating from the seeps was directed by culverts into North Walnut Creek, bypassing the 
ground water collection system. The culverts were designed to transport clean precipitation runoff to 
North Walnut Creek. To rernediate this problem, the french drain system was expanded to include an 
interceptor trench along the Patrol Road inside the PSZ. The interceptor trench included a surface 
water infiltration gallery in addition to the trench drain. 

In the early 198Os, a program was initiated to remove and manage sludge that had 
accumulated in the SEPs. The sludge removal project required construction of Building 788 (between 
SEP 207-A and SEP 207-C) and associated structures to create "pondcrete" from the sludge. Two 
boreholes were drilled to characterize the foundation conditions in the vicinity of Building 788 
(Foundation Engineering Company, 1984). It was concluded, based on these boreholes and on a 1962 
report on the foundation investigation for Building 779, that subsurface conditions were "erratic. " At 
the time, "local regulations would not permit recovery of soil samples for laboratory analysis," SO 

subsurface characterization was based on visually identified soil properties. Among the design 
recommendations was that utility line trenches in close proximity or leading into the building should 
be backfilled with impervious materials similar to the onsite soils to prevent ponding of water below 
the structures. 

A 1 985 investigation produced the first comprehensive evaluation of the RFETS hydrogeologic 
data collected to date (Hydro-Search, 1985). Both existing data and newly collected data were used 
in the characterization. Existing data included geologic logs from numerous boreholes, water level 
records, a long history of water quality sampling and analysis, and a review of published and 
unpublished reports. New data collected for the study included geophysical logs, single-hole 
drawdown recovery tests, and a location survey of the wells. The report provided sitewide 
characterization information such as geochemistry data for surface water, unconsolidated materials and 
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bedrock ground water. The report also provided a sitewide characterization and a summary of many 
historical reports. Some of the geophysical and hydrological testing activities were performed in wells 
in the SEP area. The report concluded that there were deficiencies and data gaps in the understanding 
of the overall site hydrogeology; however, the SEPs were identified as one of eight possible sources 
of high total dissolved solids leaving the site. Shortly after the submittal of the characterization report, 
an electromagnetic survey was performed at the periphery of the security area and downgradient 
drainages in the buffer zone (Hydro-Search, 1986). The survey was performed to direct future site 
characterization efforts. The hillside north of the SEPs was surveyed and found to have high 
conductivity. A recommendation of the report was to install new monitoring wells around the SEPs. 

In 1986, a RCRA Part B Operating Permit Application was submitted to CDH by RFETS when 
state RCRA regulations began to apply to the RFETS. The permit application reported that the SEPs 
were an interim status unit scheduled to be closed. The SEPs were identified as a Solid Waste 
Management Unit (SWMU) (later designated an Individual Hazardous Substance Site [IHSSI). A section 
pertaining to ground water protection was included in the RCRA Part B submittal in response to the 
1986 compliance agreement between the RFETS and the agencies. Abundant information regarding 
the ground water monitoring program and subsurface characterization was presented pertaining both 
to the entire site and specifically to the SEPs. The program included the installation of 17 RCRA wells 
in the SEP area in 1986, which greatly expanded the existing monitoring network. Hydrogeologic tests 
were run in some of these wells. A RCRA Interim Status Closure Plan was submitted specifically for 
the SEPs which outlined the method for removing the SEPs from service and properly disposing of the e potentially contaminated materials. 

Eighteen boreholes were drilled in 1987 in the SEP area to acquire additional soil chemistry 
data. This information was sought in response to comments on the 1986 Closure Plan which were 
directed in part at the collection of additional characterization data. Two of those boreholes were 
completed as wells to enhance the monitoring capability. Subsurface conditions were evaluated based 
on 1987 data as well as the additional data collected since the submittal of the 1986 report. The 
boreholes not completed as wells were backfilled and no monuments were left indicating their exact 
location. The 1987 closure plan provides an extensive discussion of the source constituents that were 
disposed in the ponds. Appended to the closure plan is a detailed hydrogeologic characterization report 
containing an evaluation of the data (1986 through 1988) that updates the hydrogeologic 
characterization report presented in 1986. 

A final closure plan was submitted in 1988 which presents a detailed plan for future 
characterization efforts. This closure plan addressed other SWMUs (IHSSsI in the area that are no 
longer part of the OU4 investigation. Thirty-seven monitoring wells were installed in 1989 in fulfillment 
of the commitments made in the 1988 closure plan. The monitoring plan was expanded to meet RCRA 
ground water monitoring requirements such as quarterly monitoring and an expanded analyte list. 
Beginning in 1988, Annual RCRA Ground-Water Monitoring Reports for Regulated Units have been 
submitted which include monitoring data collected during the previous year and an evaluation of ground 
water conditions. 

Thirty-seven additional wells were drilled in 1 989 in locations identified with data deficiencies 
in the 1988 characterization report. When drilled, lithologies in some of the 1989 boreholes did not 
correlate with conditions anticipated based on 1988 data, prompting a close review of all of the data. 
Some of the archived cores were pulled and found to be incorrectly described in the lithologic logs. 
As a result, a program was initiated to relog the core from the 1986, 1987, and 1989 drilling efforts, 
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using strict logging and quality control measures. After a percentage of the core was relogged the 
following year, most of the original logs and the "new" logs of the same boreholes were found to be 
similar. It was concluded that the inconsistencies between the core and the logs were isolated 
occurrences. The relogging program resulted in greater consistency in logging procedures for future 
programs. 

In 1990, in response to the Agreement in Principle (AIP) between the agencies and DOE, a 
study was undertaken addressing zero offsite water discharge. The ITS was evaluated as part of the 
study (AS1 et al., 1991 1. The study assessed possible management alternatives for water collected 
by the ITS. The investigation included a review of water quality data and a computation of the 
quantity of water collected. The quantitative study assessed discrete portions of the system in 
addition to the overall system. Each surface water monitoring site in OU4 was assessed for both water 
quality and quantity and an evaluation was made regarding the variations in the sources of the 
contaminants. Similarly, data from each ground water monitoring well were assessed based on the 
specific geologic unit sampled and the variation in contaminants. The study recommended four 
management alternatives for the water collected by the ITS including treatment by mechanical 
evaporation, treatment through the sewage treatment plant, separate treatment based on isolating 
discrete portions of the collected flow, and a combination of treatment through reverse osmosis and 
mechanical evaporation. Implementation of this study was preempted by the signing of the 
Interagency Agreement (IAG) in 1991. All of the ITS water is currently being collected in the modular 
tanks and processed in the Building 374 evaporator. 

In 1992, there was a brief investigation addressing whether the 207-8 SEPs were currently 
leaking (EG&G, 1992a). This was done by sampling wells for a dye that was introduced into the SEPs. 
The sampled wells are completed in either the unconsolidated materials or the silty claystones. Based 
on this study, it was determined that no leakage was currently occurring from the 207-8 SEPs. 

All of the above described studies have influenced the development of the OU4 Phase II RFI/RI 
Work Plan. Additionally, the concurrent OU4 IM/IRA project and the Phase I RFI/RI report were used 
during work plan development. 

3.2 Summary of Physical and Geochemical Properties of Soils 

In accordance with the OU4 Phase I Work Plan and the IAG, the Phase I study was intended 
to investigate the soils as potential sources of contamination. Results from the Phase I RFI/RI indicate 
that aqueous contamination from the SEPs has percolated into and impacted the underlying soils. A 
synopsis of the major contaminants reported in vadose zone soils can be found in Section 3.4.2. A s  
reported in the Phase I RFI/RI report, subsurface soils show concentrations greater than background 
for a limited number of metals (e.g., beryllium, cadmium, nickel), certain inorganics (e.g., nitratelnitrite, 
chloride, potassium) and some radionuclides (e.g.r234U, 238U, 241Am, 239Pu). The occurrence of these 
compounds is consistent with the OU4 waste disposal activity history. The May 1994 COC list 
developed for soils included all of these compounds except nickel, chloride, and potassium. The 
laboratory-determined physical properties of unconsolidated and bedrock materials discussed below 
were determined by D.B. Stevens and Associates (DBS) of Albuquerque, New Mexico. 

Unconsolidated Materials. Unconsolidated soils described in the Phase I RFI/RI include a 
mixture of Rocky Flats Alluvium, valley fill alluvium, colluvium, and artificial fill material. Boring logs 
indicate a predominance of clayey gravels, with significant occurrences of silty gravels as well as some 
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Sample Depth, feet 

Moisture, %v,va/ 

Bulk Density, g/cm3 bl 

Cation Exchange 
Capacity, meq/lOO gc' 

Total Organic 
Carbon, % 

well-graded gravel materials. Table 3.2-1 summarizes some of the relevant physical properties of the 
unconsolidated material. 

0.4 to 21.0 6.2 

3.7 to 35.6 22.1 

1.9 to 2.2 2.06 

2 to 66  30 

0.01 to 1.4 0.46 

Volumetric soil moisture content varies by nearly an order of magnitude within unconsolidated 
materials. Overall, however, the mean moisture content (22.1 % I  is low and is indicative of a semi-arid 
climate. Observed bulk density does not vary widely and the typical value of 2.06 grams per cubic 
centimeter (g/cm3) is representative of gravelly soils. Cation exchange capacity (CEC) ranges over a 
factor of 30 which also indicates highly variable cation exchange processes in the soil column. The 
mean CEC (30 milliequivalents (meq)/l00 g) is similar to that expected of a illite-type clay and is not 
indicative of a highly-active exchange system. Similarly, the mean total organic carbon content 
(0.46%) indicates a limited capacity for adsorption of organic compounds. Further detailed 
characterization of the unconsolidated materials is presented in the OU4 Phase I RFVRI report. 

TABLE 3.2-1 
SELECTED RELEVANT PHYSICAL PROPERTIES 
OF OU4 UNCONSOLIDATED MATERIALS 

Property I Minimum and Maximum Values I Mean Value II 

%",V = precent, volume per volume. 
g/cm3 = grams per cubic centimeter. 
meq/l OOg = milliequivalents per 100 grams. 

.I 

bl 

cl 
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Bedrock Material. Bedrock materials reported in the Phase 1 RFI/RI are claystones and 
sandstones of the Arapahoe and Laramie Formations. Boring logs indicate a predominance of low to 
medium plasticity claystones and silty claystones as well as localized occurrences of very fine- to 
fine-grained sandstones and silty sandstones. In general, the clayey nature of the bedrock materials 
is indicative of a low primary permeability system with minimal hydraulic transmission capacity. Table 
3.2-2 summarizes some of the relevant physical properties of the bedrock material. 

Volumetric bedrock material moisture content varies from 19.4 to 39.3%. Overall, however, 
the mean moisture content (32.3%) is higher than overlying unconsolidated materials. Observed bulk 
density does not vary widely and the typical value of 1.65 g/cm3 is representative of claystone-type 
materials. CEC values vary over a factor of 4 indicating a lower tendency for cationic exchange 
processes in the bedrock materials relative to the overlying soils. The mean CEC of 42 meq/lOO g is 
similar to that expected of an illite-type clay. Similar in magnitude to the overlying unconsolidated 
materials, the bedrock CEC is not indicative of a highly active adsorptive system. The mean bedrock 
total organic carbon (TOC) content (0.09%) is lower than the mean TOC of unconsolidated materials 
and would suggest a system that is not highly adsorptive to organic compounds. 

3.3 Summary and Evaluation of Geologic and Hydrologic Data 

This section presents a compilation of the site knowledge pertinent to the hydrology and 
geology. The information summarized in this section was developed from previous investigations, 
including the OU4 Phase 1 RFVRI. 

3.3.1 Ground Water Hydrology 

The ground water system at OU4 is comprised of the upper and lower hydrostratigraphic units 
(HSUsI. The Upper HSU consists of unconsolidated sediments (Rocky Flats Alluvium, colluvium, valley 
fill alluvium, and artificial fill material), and the underlying bedrock strata, where it consists of 
sandstone or weathered claystones or siltstone (Figure 2.1-1). The ground water in the Upper HSU 
occurs under unconfined conditions. The Lower HSU at RFETS includes the deeper sandstone units 
of the Arapahoe and Laramie/Fox Hills formations that exists beneath RFETS. Ground water in the 
bower HSU is confined by interbedded claystones and silty claystones. 

As indicated by the wide variety of lithostratigraphic units included in the Upper HSU, it is 
expected to have contrasting and potentially complex hydraulics. While piezometric data and 
contaminant distribution maps clearly confirm that the weathered bedrock lithologies are in hydraulic 
communication with the overlying unconsolidated materials, the lower hydraulic conductivity of the 
weathered units predicts much slower water movement in these lithologies. Additionally, beneath 
much of OU4 the unconsolidated portion of the Upper HSU is typically unsaturated during most of the 
year, especially in those areas where the ITS is effective. Consequently, Upper HSU ground water 
movement in some areas of OU4 is dominated by flow in unconsolidated materials with minor flow in 
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2.1 to 32.7 Sample Depth (feet) 

Moisture, (%vlv)a/ 19.4 to 39.3 

Bulk Density, (g/cm3Ib/ 

~ Capacity, (meq/l00 gjc’  

I Carbon, (%) 

1.5 to 1.8 

Cation Exchange 13 to 51 

Total Organic 0.03 to 0.2 I 

TABLE 3.2-2 
SELECTED RELEVANT PHYSICAL PROPERTIES 

OF. OU4 BEDROCK MATERIALS 

Mean Value 

13.5 

32.3 

1.65 

39 

0.09 

v/v = precent, volume per volume. 
g/cm3 = grams per cubic centimeter. 

al 

b/ 

c/ meq/lOOg = milliequivalents per 100 grams. 

* Based on boring sampling depths. 
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the weathered bedrock siltstones and claystones and in other areas the flow occurs exclusively in the 
weathered bedrock. Subcropping bedrock sandstones occur only in the immediate vicinity of SEP 207- 
C but dominate flow in the Upper HSU because of their high permeability. In these areas the 
unconsolidated material is also unsaturated. 

Historically, monitoring wells have either been screened in the unconsolidated material 
("alluvial" wells) or bedrock (which include both weathered and unweathered bedrock units as well as 
the subcropping bedrock sandstones) and great care has been taken to isolate these two water-bearing 
units by installation of surface casing and/or grout. The unfortunate result is that previously prepared 
(RCRA) contaminant distribution maps include only alluvial or bedrock monitoring well data, thus 
providing an incomplete understanding of upper HSU ground water quality. 

Of primary concern for the Phase I I  investigation is the distribution and movement of 
contaminants in the Upper HSU, as the lower HSU appears to be largely uncontaminated. The 
observational approach of the Phase I 1  FSP will consider the weathered bedrock and subcropping 
bedrock sandstones as a part of the Upper HSU and will attempt to sample both in detail, particularly 
in those areas where either fully represents the Upper HSU. 

3.3.1.1 Ground Water of the Unconsolidated Materials Portion of the Upper HSU 

In preparation of this work plan, ground water data from the 1992 and 1993 Annual RCRA 
Ground Water Monitoring Reports for Regulated Units at the Rocky Flats Plant, the Phase I RFI/RI 
Report, the Well Evaluation report, and other pertinent OU4 and sitewide reports were evaluated. The 
RCRA Ground Water Monitor reports encompass 67 wells in the SEP area. There are 34 
unconsolidated materials wells and 33 bedrock wells, Of  the bedrock wells, 10 are screened in the 
deeper unweathered sandstone units of the Lower HSU. 

The Phase I RFIIRI at OU4 and the RCRA ground water monitoring program have provided data 
for an initial characterization of OU4 hydrogeology. 1992 RCRA ground water data were used initially 
because 1993 data were not available when this work plan was originally drafted. A subsequent check 
of 1993 data, including Phase I piezometer data, shows no significant changes in the potentiometric 
surface between 1992 and 1993. Information concerning aquifer hydraulic properties was also 
available from many sitewide studies of the unconsolidated materials. 

The hydraulic properties of the unconsolidated materials vary widely. Based on previously 
published RFETS data, hydraulic conductivities of unconsolidated materials range from 4.0 X 1 O-* to 
1 .O X 1 Om' centimeters per second (cm/s). Hydraulic conductivity measurements on vertically oriented 
OU4 Phase I core samples vary from 1 .O X 1 0'9 to 7.1 X 1 O 2  cm/s. The geometric mean of the data 
collected in the Phase I work is 5.8 X 1 O 3  cm/s for coarser-grained samples and 1 .O X 10" cm/s for 
finer-grained samples. The geometric mean is used here to accommodate the typical log-normal 
distribution of hydraulic conductivity data. A tabulation of aquifer parameters from a variety of 
sources, including the OU4 Phase 1 report, is provided in Table 3.3-1. Additional sitespecific data are 
needed to more accurately characterize the hydraulic properties of the unconsolidated materials in 
OU4. 

OU4 Phase II 
September 1, 1994 



Rocky Flats Environmental Technology Site Document No. : RF/ER-94-00040 

Page: 3-26 
Phase II RFI/RI Work Plan for OU4 Section No: 

Effective Date: 
Organization: Environmental Restoration Program Div. 

Section 3: Rev.0 

Category 

Unweathered Arapahoe Claystone 

Qal (Valley Fill) 

1 x 10-7 

2 x 1 0 4  

Rocky Flats Alluvium 
Arapahoe Sandstone #1 

6 x 106  

Arapahoe Sandstone #3, 4, 5 1 o s  
Basal Arapahoe Sandstone 1 O 6  

Arapahoe Claystone 10-7 - io-* 
(Weathered and Unweathered) 

TABLE 3.3-1 

Draft Final Ground 
Water Protection and 
Monitoring Plan [EG&G, 
1991 1. 

COMPARISON OF SITEWIDE HYDRAULIC PROPERTIES IN GEOLOGIC MEDIA 
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7 

Hydraulic Conductivity 
Formation cm/sa' 

7 x l o+  Rocky Flats Alluvium 

Valley Fill 3 x 10-3 

Arapahoe Formation 2 10-6 1 I 0 - 7  

Rocky Flats Alluvium 1 x 1 0 2  

Valley Fill NA  

TABLE 3.3-1 (Continued) 

Source 

RCRA Part B Permit 
Application 
(Rockwell International, 
1988). 

Hydrology of a Nuclear- 
Processing Plant Site 
(Hurr, 1976). 

DIGEST OF SOLAR EVAPORATION POND INVESTIGATION REPORTS 

Rocky Flats Alluvium 

Valley Fill 

9 x - 4 x 

5 x l o e  

Arapahoe Formation I i x io-4 

Arapahoe Formation 

Rocky Flats Alluvium 

Arapahoe Claystone and Siltstone 

NA  

7.1 10-2 - 1 x 10-9 

1.3 10-7 - 3.6 x 107~ 

Arapahoe Sandstone 

RCRA Post Closure Care 
Permit Application 
(Rockwell International, 
1 988). 

1.8 x I 

- 

OU4 Solar Evaporation 
Pond, IM/IRA EA 
Decision Document 
(DOE, 1994) 

SOURCE: 1990 Annual RCRA Ground Water Monitoring Report (EG&G, 1991 1. Data presented in this 
table are not validated and are currently undergoing the validation process at EG&G. 

em/s = centimeters per second. 
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The Phase I RFI/RI report discussed macropore flow, in addition to interstitial flow, as an 
important percolation pathway for water moving through the vadose zone to the water table. This 
interpretation is based on the rapid response of some OU4 wells to precipitation events. Hydraulic 
conductivities attributed to macropore flow would be much higher than hydraulic conductivities 
attributed to interstitial flow in unconsolidated materials. 

Ground water flow velocities (average linear velocities) can be calculated using the hydraulic 
gradients indicated on potentiometric surface maps, reported values of hydraulic conductivity and 
assumed values of effective porosity. This estimated velocity can be used to qualitatively assess the 
extent of contaminant migration. The Darcy velocity (average linear velocity) is calculated according 
to the following equation (Fetter, 1988): 

v = -  K-Z 

ne 
where 

V = Darcy velocity, 
K = hydraulic conductivity, 
I = gradient, and 
ne = assumed effective porosity. 

The potentiometric surface (Figure 3.3-1, April 1993) indicates that gradients in the 
unconsolidated materials portion of the Upper HSU range from 0.04 to 0.05 feet per foot (ft/ft) in the 
immediate vicinity of the SEPs. Flow velocities ranging from 0.004 to 2,752 feetlyear were calculated 
using assumptions and estimations, The assumed variables included minimum and maximum hydraulic 
conductivities for alluvial materials (Table 3.3-1 ) of 4.0 x 1 O.* cm/s and 1 .O x 1 O-’ cm/sec, assumed 
effective porosities of 0.2 and 0.4 and gradients of 0.04 and 0.0533. This large range in velocities 
results primarily from the large range in hydraulic conductivities, and highlights the need for additional 
data to delineate aquifer properties. The 1992 RCRA ground water report (EG&G, 1993a) uses a 
hydraulic conductivity of 5.1 9 x 1 O-6cm/sec, gradients varying from 0.0207 to 0.0683 and an assumed 
effective porosity of 0.1 to arrive at velocities varying from 11 to 36 ft/year for alluvial material. 

* 

These calculations indicate that the observed extent of nitrate contamination migration in 
ground water at OU4 toward Walnut Creek (approximately 1,000 ft for nitrate/nitrite) is possible. 
Furthermore, these calculations consider only contaminant transport in the unconsolidated materials 
ground water portion of the Upper HSU. Other potential transport mechanisms (e.g., surface water) 
will be considered as part of the Phase I I  RFI/RI at OU4. 

Potentiometric surface maps with flow directions indicated for the second (April) and fourth 
(October) quarters of 1993 (Figures 3.3-1 and 3.3-2) represent the seasonal high and low water levels, 
respectively, in the unconsolidated materials of the Upper HSU. Regionally, ground water in the 
unconsolidated materials flows from west to east across RFETS. In the area east of the SEPs, a divide 
in the potentiometric surface indicates that ground water flows southeast toward South Walnut Creek 
and northeast toward North Walnut Creek in the immediate vicinity of the SEPs. Throughout the year, 
the unconsolidated materials portion of the Upper HSU in the vicinity of the ITS may be unsaturated 
since the ITS appears to be effectively draining the Upper HSU. During the fall when water levels are 
lowest, additional areas of unconsolidated materials become unsaturated (Figure 3.3-2). However, 
these unsaturated areas are not believed to act as barriers to contaminant migration in the OU4 ground 
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September 1, 1994 



Rocky Flats Environmental Technology Site Document No.: RF/ER-94-00040 
Section 3: Rev.0 

Page: 3-3 1 a Category Organization: Environmental Restoration Program Div. 

Phase II RFVRI Work Plan for OU4 Section No: 

Effective Date: 

water system. The ITS only desaturates the unconsolidated portion of the Upper HSU. Contaminants 
within the weathered bedrock ground water of the Upper HSU may f low under the ITS system. 
Furthermore, the downward hydraulic gradient and fractures in the weathered bedrock system may 
allow contaminants from the colluvial ground water system to migrate downward into the weathered 
bedrock. These preferential pathways in weathered bedrock are characteristic of the hydrogeologic 
system at RFETS. Bedrock channels have been delineated at RFETS as conduits for contaminant 
migration. 

The thickness of the unconsolidated materials in OU4 ranges from 0 feet  to greater than 30 
feet based on the interpreted bedrock surface from the Phase I RFI/RI (Figure 3.3-3). This bedrock 
surface represents an integration of geologic and geophysical data acquired during the Phase I RFVRI. 
In general, the thickest deposits of alluvial material occur in bedrock paleochannels. These bedrock 
channels are lows and act as preferential pathways, collecting and directing ground water flow in the 
unconsolidated materials portion of the Upper HSU. 

Figures 3.3-4 and 3.3-5 show the maximum and minimum historical potentiometric surfaces 
for the unconsolidated materials. Areas of unsaturated unconsolidated materials are mapped where 
the contoured bedrock surface elevation is greater than the contoured water surface elevation. 
Comparison of these maps further emphasizes the effect of bedrock topography on ground water flow 
in the unconsolidated materials. More detailed delineation of the bedrock channels is needed to  
accurately characterize the hydrology of the unconsolidated materials portion of the Upper HSU. 

Water levels within the unconsolidated materials at OU4 vary greatly between the wet and dry 
seasons. In some cases, the maximum water levels in wells adjacent to the 207-8 Series SEPs are 
above the elevation of the pond floor. Figure 3.3-6 shows the hydrograph from Well 3887. During 
periods when the water levels are at the elevation of the pond liner, the unconsolidated materials 
ground water may locally contact the pond liner. During the dry season, water levels in Well 3887 
drop below the top of bedrock and the unconsolidated materials are unsaturated. 

Ground water is relatively shallow beneath the SEPs. This interpretation is evidenced by the 
following observations: during excavation and construction of the 207-B Series SEPs, ground water 
seepage was observed in excavations; during drilling of 207-8 North and Center, ground water was 
detected at a depth of about 3 feet along the south edge of 207-8 Center; and initial soil moisture 
contents observed in some of the soils collected from the pond berms were close to  saturation. 
Further investigation and characterization of the Upper HSU during the Phase I I  RFl/RI will define the 
water table in the area below the SEPs. The proposed IM/IRA project t o  relocate the liners and cover 
a portion of the existing SEPs may dramatically affect the shallow water table in the SEPs area. 

3.3.1.2 Weathered Bedrock Portion of the Upper HSU 

The Arapahoe and Laramie formations, which constitute the bedrock strata beneath OU4, are 
composed of sandstones, siltstones, and claystones. Geologic data indicate that the lithology of the 
subcropping bedrock unit is mostly claystone. In areas where sandstone/siltstone or weathered, 
fractured claystone subcrop, they are considered to be the weathered bedrock portion of the Upper 
HSU. The largest area of subcropping sandstone bedrock is located beneath SEP 207-C (Figure 3.3-7). 

OU4 Phase I1 
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Since the contact between the unconsolidated materials and bedrock represents an erosional 
unconformity, the bedrock surface is irregular and contains channel-like features (Figure 3.3-3). As 
discussed above, these paleochannels are probably important in controlling ground water flow, and 
additional data are needed to better characterize the bedrock surface. 

The weathering of the bedrock strata has caused fractures in the claystones and siltstones. 
Although the weathering and fracturing have increased the hydraulic conductivity, the hydraulic 
conductivity remains quite low. Based on previously published RFETS reports, hydraulic conductivity 
of the bedrock varies from 1 .O x 1 O-s to 1 .O x 1 O4 crn/s. Hydraulic conductivity measurements on 
vertically-oriented, OU4 Phase I core samples vary from 1.3 x 10' to 3.6 x 1 O s  cm/s for claystones 
and siltstones, and is 1.8 x 10'' cm/s for the single sandstone sample analyzed. A summary of these 
estimates is given in Table 3.3-1. Additional site-specific data are needed to comprehensively 
characterize the hydraulic properties of the bedrock system and hydraulic interaction with the overlying 
Upper HSU. 

Flow directions in the bedrock are indicated by the potentiometric surface of the aquifer. 
Potentiometric surface maps for the second and fourth quarters of 1993 are given in Figures 3.3-8 and 
3.3-9, respectively. In the area of the SEPs, a divide in the potentiometric surface indicates that 
ground water flows north, northeast, and southeast from the area of the SEPs. In general, there is 
much less seasonal variation in water table elevation within the weathered bedrock than within the 
unconsolidated materials. The data are not definitive because there are only a few wells which indicate 
the bedrock is unsaturated in OU4. These unsaturated areas only indicate that the bedrock is 
unsaturated above the screened interval. Thus, water may still be passing through the aquifer in these 
areas but below the base of the particular well screen. Wells to supplement existing wells are 
necessary to clarify the bedrock aquifer conditions. These wells are proposed in the FSP. 

e 
Geologic cross-sections (Figures 3.3-1 0 through 3.3-1 5) show the different unconsolidated 

materials and bedrock lithofacies. An explanation of these lithofacies is given in Table 3.3-2. These 
sections demonstrate the heterogeneous nature of the unconsolidated materials comprising the Upper 
HSU, and show the difficulty of correlating both the unconsolidated materials and weathered bedrock 
portions of the Upper HSU. Lithologic logs and well completion diagrams used in developing this work 
plan are included in Appendix B of the OU4 Phase I RFI/RI Work Plan and in Appendix I of the OU4 
Phase I IM/IRA EA Decision Document. 

3.3.1.3 Water-Bearing Unit Interactions 

Potentially important hydraulic interactions among water-bearing units of the Upper HSU 
include those between the alluvium/colluvium and weathered bedrock lithologic units; between the . 
alluvium/colluvium and uppermost bedrock sand lithologic units; and between the weathered bedrock 
and any other Upper HSU lithologic unit. Hydraulic interactions between the Upper HSU and the Lower 
HSU and between lithologic units within the Lower HSU are thought to be negligible because of the 
low permeability of most of the Lower HSU. No investigation has been conducted to confirm this lack 
of interaction. If these latter two interactions are found to exist they will most likely result from 
macropores and fractures within the Lower HSU or subcropping Lower HSU permeable lithologic units 
beneath alluvium/colluvium. The physical relationships between lithologic units in the Upper HSU are 
complicated and difficult to determine accurately (see Figures 3.3-1 1 through 3.3-1 5). Similarly, these 
relationships are also poorly defined in the Lower HSU. (See Figure 2.1-1 for an illustration of the 
terminology used here). 
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TABLE 3.3-2 
DESCRIPTION OF LITHOFACIES 

SANDY LITHOFACIES: 
Composition: > -45% sand, < -30% gravel, and < -30% fines (silt and clay) 
USCS classifications: "SW", "SP", "SM" , "SC", "GC" divisions. 
Name: sand, gravelly sand, clayey sand, silty sand. 
Description, depositional mechanism, and environment: very-well to poorly-sorted sands. Suspended load 
deposits predominantly deposited by grain flow, scour fill, sand wave, and dune (upper and lower flow 
regimes) deposits. Channel sands, stream bed, and bar deposits during periods of intermittent or normal 
stream flow and aggradation (sedimentation). 
Geometry: channel sands, side and mid-stream bars, minor sheet flood deposits; often cut by Lithofacies 2, 
Cuts and is laterally associated with Lithofacies 3; often contains reworked bedrock. 
Comments: May contain some "maverick" gravel-poor sediments with more than 30% but less than 45% 
fines. 

SANDY  GRAVEL LITHOFACIES: 
Composition: > -45% gravel, < -25% fines (silt and clay), 0-49% sand. 
USCS classification:"GW", "GP", "GC", and "GM" divisions. 
Name: gravel, sandy gravel, clayey gravel, silty gravel. 
Description, depositional mechanism, and environment: poorly sorted, clast supported, sometimes with no 
matrix (clean gravel). Rapidly deposited (storm) channel deposits, stream flood, and "break-out" deposits, 
slurry-type debris flows, sheet flood deposits. Indicates periods of increased runoff and sedimentation as 
noted by great lateral and stratigraphic extent of this unit. 
Geometry: debris flows, thalweg channel lag, longitudinal bars, channel fill, cuts all lithofacies; clean gravel 
deposits usually rest on or cut Lithofacies 1. 
Comments: May also contain sand beds less than 1 foot thick. 

CLAYEY-SILTY GRAVEL LITHOFACIES: 
Composition: > - 20% and < - 50% gravel, > - 25% fines (silt and clay}, 0-45% sand. 
USCS classification:"GC", "GM", "SM" and "SC" divisions. 
Name: clayey gravel, silty gravel, clayey sand, silty sand. 
Description, depositional mechanism and environment: matrix-supported gravel, sands with appreciable 
gravel and fines. Debris flows and bedload transport suggested by poor sorting, large grain size range, and 
general lack of internal structure or framework. Presumed to indicate rapidly deposited sediment. 
Geometry: channel fills & plugs, linguoid/transverse bars; laterally associated with Lithofacies 1, lobate or 
incised into Lithofacies 1 or 4. 

SILTY & CLAYEY LITHOFACIES: 
Composition: > -45% fines (silt and clay), < -45% sand, < -20% gravel. 
USCS classification:"ML", "CL", "MH" and "CH" divisions. 
Name: clay, silty clay, sandy clay, gravelly clay, silt, gravelly silt, sandy silt, clayey silt. 
Description, depositional mechanism and environment: very-well to poorly-sorted clays and silts, often 
bedded and/or laminated. Primarily suspended load deposition. Overbank, levee, crevasse-splay, waning 
flood and flood plain deposits. 
Geometry: generally planar deposits along the margins of channels, often laterally associated with 
Lithofacies 1 and 3; "drape" deposit, does not cut any other lithofacies. 
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Physical (piezometric) and chemical data (see Section 3.3.2) suggest that there is significant 
mixing of ground waters between all of the Upper HSU units in areas of OU4. In fact, similarity of 
piezometric surfaces and hydrograph responses is used as a criterion for inclusion in the Upper HSU. 
In the area of SEP 207-C, piezometric data indicate that unconsolidated materials-derived waters freely 
migrate in the subcropping bedrock sandstones. Conversely, several areas of OU4 exhibit isolation 
between units of the Upper HSU. The extent of incorporation of unconsolidated materials water into 
weathered claystone bedrock is likely a strong function of the degree of weathering since claystone 
permeability is primarily fracture-controlled. Similarly, any interaction between the Upper and Lower 
HSUs would be dependent on the existence of fracture zones in the absence of direct contact of Lower 
HSU aquifers with the Upper HSU. The existence of this latter interconnection has not been 
demonstrated in the OU4 area. 

3.3.2 Ground Water Quality and Geochemistry 

An  analysis was undertaken of OU4-area ground water geochemistry, based on total dissolved 
major and ionic constituents (calcium (Ca,), magnesium (Mg,), sodium (Na,), potassium ( K T ) ,  

bicarbonate (HCO,), carbonate (CO,'), sulfate (SO4=), chloride (CI-) and nitrate plus nitrite (NO; +NO,) 
where the subscript T indicates total concentrations). This was done to 1) evaluate the overall quality 
of available ground water analyses and to delete unacceptable analyses from the working data base, 
2) to compare OU4-area ground waters with site-wide background ground waters, 3) to characterize 
the impact of SEP waters on ground water quality and 4) to gain insight into ground water flow paths 
and the areal distribution SEP-affected ground water. The advantage in using a major-constituent 
analysis lies in the fact that the analyte concentrations are more robust than those for minor and trace 
constituents (i-e., less subject to analytical errors, tend to be more evenly distributed and account for 
larger scale trends in water chemistry). Furthermore, determinations of charge balance errors provides 
a good check on the reasonableness of the analytical values. A total of 1026 ground water analyses 
were considered for inclusion in this evaluation of ground water quality. Of these, only 442 appear 
to be reasonably complete analyses (i-e,, the sum of the masses of all determined constituents equals 
> 80% of the analytical Total Dissolved Solids (TDS) determination). The frequent failure to obtain 
sufficient volumes of water from various monitoring wells precluded obtaining complete analyses on 
many occasions. In addition, only 345 analyses proved to be within the generally accepted range ( + /- 
5%) of charge balance errors (CBE) as calculated by the following equation: 

@ 

where C and z represent concentrations (mg/L) and formal ionic charge, respectively, and ci and ai 
represent cationic and anionic species i, respectively. Fritz (1 994) discusses the +/- 5% acceptance 
criteria and shows that it is conservative (less stringent) relative to average published complete 
chemical analyses of natural waters. Only those water analyses meeting the criteria of completeness 
and acceptable charge balance were considered for plotting on trilinear diagrams. 

3.3.2.1 Application and Interpretation of Trilinear Diagrams. 

Trilinear diagrams, as described by numerous authors (Freeze and Cherry, 1979 and Cheng, 
19881, are most useful for a qualitative overview of the chemical types of waters in a given area. All 
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trilinear diagrams used in this analysis were prepared using HC-GRAM, v. 3.02.0, a public-domain 
software code (McIntosh, 1993) The plotting position of a water sample in each of the triangles 
represents the relative proportions of three major cations (Ca, Mg and Na +K) and three major anions 
(HCO,+CO,, CI and SO,), respectively. Na + K and HCO, + CO,' are traditionally combined in 
trilinear plots). The corresponding positions of each sample in the two triangles are then projected into 
the quadrilateral (Figure 3.3-1 6) and the intersection of the projections indicates the relative 
proportions of all six major constituents. (Note that nitrate is not traditionally included on trilinear 
diagrams because nitrate is typically only a minor constituent in natural waters.) Therefore, the apexes 
of the quadrilateral represent dominant endmember water types [top = (Ca + Mg)-(CI +SO,), left = 
(Ca + MgHHCO, + CO,), right = (Na + K)-(CI + SO,), lower = (Na + K)-(HCO, + CO,). Although the 
quadrilateral plot contains information about all six parameters, it is still useful to examine each 
triangular plot for a clearer interpretation, 

Clustering of samples in a relatively small area of the quadrilateral can be strong evidence of 
similar overall water chemistry and frequently indicates waters of similar origin and history. However, 
in the case of OU4 where nitrate is often a major constituent, such conclusions are conditional on the 
similarity of samples with respect to nitrate concentrations. One further limitation observed on these 
plots is that samples may plot in close proximity but have very different TDS values indicating different 
histories. Consequently, some of the trilinear diagrams used contain circles of varying sizes which 
indicate the summed concentration of dissolved major constituents (including nitrate). This provides 
additional information for characterizing waters and determining if they are similar in origin. 

A particularly useful aspect of trilinear diagrams involves comparing positions of two waters 
or groups of waters. Any two points on a trilinear diagram may be considered to be theoretical end- 
members for a mixing scenario. A straight line connecting those two points will describe the 
composition of any mixture of those two endmembers. The position of a mixture on the connecting 
line depends on the proportion of the end-members involved in the mixing. A simple straight-line 
mixing "model" assumes that no constituents are added (dissolved) or subtracted (precipitated) during 
mixing Le., it is a conservative mixing model). Although a point lying between any two theoretical 
end-members accurately predicts the chemistry of a mixture of those end-members, it does not 
guarantee that a water with a similar plotting position is a result of such a mixing scenario. Support 
for a mixing hypothesis to explain a given water composition is found in multiple water compositions 
falling along the theoretical mixing line (evidence of evolution), by comparing TDS values (the mixture 
must have a I D S  value intermediate between that of the endmembers and corresponding to the ratio 
indicated by the plotting position) and by detailed chemical modeling which supports the conservative 
nature of mixing between the two endmembers. In the case of OU4, mixing of SEP waters with local 
background ground waters is proposed to explain the observed ground water compositions. 

0 

3.3.2.2 Sitewide Background Ground Water Quality. 

Data concerning site-wide background ground water quality is presented in the annual 
Background Geochemical Characterization Report (EG&G, 1 993b3. Eight Rocky Flats Alluvium (RFA), 
nine colluvium (COLI, twelve weathered (claystone) bedrock (WCS), nine Valley Fill Alluvium (VFA) and 
nine unweathered bedrock sandstone (KAL or undifferentiated Cretaceous Arapahoe-Laramie 
Formation) wells are included in this report. Figure 3.3-1 6 is adapted from the above report and shows 
the trilinear plotting areas for each of these groups of monitoring wells. The most obvious fact 
revealed by this figure is that all ground waters, except the KAL waters, are similar in composition. 
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Unweathered bedrock sandstones (actually water-bearing siltstones) are chemically unique 
relative to all other ground waters in background areas removed from any industrial influence. Only 
ground waters with similar compositions and sources in the KAL are regarded as Lower HSU. The 
relatively wide range in Lower HSU ground water compositions is primarily a function of varying HCO, 
and SO4 contents which is probably due to relative abundances in calcite and gypsum in the KAL units. 
It should be noted that two of the KAL wells included in the Background Geochemical Characterization 
Report were completed in the "No. 1 Sand" or the uppermost lithologic unit of the KAL bedrock. This 
unit is in direct contact with the overlying unconsolidated material and is apparently in hydraulic 
communication with that material. This is acknowledged in the Background Geochemical Report and 
ground waters from the "No. 1 Sand" plot in the same area of the trilinear diagram as do waters from 
the Upper HSU (see discussion below). Figure 3.3-1 6 does not include data for these two wells. 

Figure 3.3-1 6 shows that RFA, COL, WCS and VFA ground waters cluster together and overlap 
to some extent in the Ca-(Mgl-HCO, quadrant of the diagram. The similar chemical composition and 
the physical relationship of these units logically includes them in the Upper HSU. Of particular 
importance to understanding OU4 hydrology is the similarity between background RFA and WCS  
ground waters. At least some of the WCS  ground water compositions lie completely within the RFA 
compositional field suggesting intimate comingling of the two water-bearing units. Note, however, that 
some of the WCS  and all of the COL waters are enriched in the most soluble Na and CI components 
relative to RFA and WCS  waters, suggesting that evaporation and some precipitation of the less soluble 
Ca and HCO, components may take place in the colluvium. Another potential explanation is that Lower 
HSU waters mixed with WCS  and COL waters locally. Neither hypothesis has been fully explored. 

3.3.2.3 Upper HSU Background Ground Water Quality in Vicinity of OU4. 

0 
The location of all monitoring wells used in this and subsequent major ion-based analyses are 

shown on Figure 3.3-1 7. An examination of the trilinear plotting positions of all acceptable samples 
(see section 3.3.2) revealed only three monitoring wells which might be considered to contain 
"background" Upper HSU ground water based on the coincidence of their overall major ion constituents 
with those of site-wide background samples. These samples, 2286, P207389 and P210189, are 
shown on Figure 3.3-1 8 and fall within the general trilinear region occupied by site-wide background 
ground waters from the RFA and WCS hydrostratigraphic units (compare Figure 3.3-1 6). These ground 
waters also have low TDS and nitrate concentrations relative to other Upper HSU ground waters in the 
vicinity of the SEPs (as do site-wide background samples). The following tabulation compares the 
three "local" background wells to site-wide background. TDS values in the "local" background wells 
are within the 99/99 UTL for the site-wide Upper HSU but nitrate concentrations exceed the 99/99 
UTL in wells 2286 and P210189. Also the nitrate/chloride ratios for these two wells are also greater 
the site-wide background N/CI mean. 

It is concluded that ground water at well P207389 alone ("B" on Figures 3.3.1 7 and 3.3-1 8) 
is representative Ground water at wells 2286 and 
P210189 ("J" and "H" on Figures 3.3-1 7 and 3.3-1 8) are similar to the local background water quality 
but may be indicative of areas of previous SEP contamination which are presently being flushed by and 
mixed with background ground waters. A evaluation of this hypothesis for 2286 and P210189 is 
presented below. 

of "local" background ground water quality. 
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(99/99 UTL) 
2286 

P207389 
P210189 

(1 082) (5.260) 
524 11.08 0.273 
496 4.78 0.1 82 
61 0 22.9 0.671 

By considering the ratio of two conservative constituents such as nitrate and chloride in two 
end-member solutions it is possible to calculate the ratio of all possible mixtures of those end-members. 
The rationale for this procedure is detailed in Whittemore (1984). Figure 3.3-19 illustrates such a 
mixing scenario using 1991 SEP 207-C water and "local" background Upper HSU ground water 
(P207389) as end-members. The curved line represents the intermediate mixture compositions. If 
samples from a third location (2286 or P210189 in this case) are the result of mixing the two end- 
members they will plot on the curved line. Although Figure 3.3-1 9 shows the correspondence between 
2286 ground water samples and the mixture line is not exact, the corelation is sufficient to Suggest 
the likelihood that 2286 ground water is a mixture of SEP 207-C water and upgradient "local" 
background ground water. The fact that nitratekhloride ratios of some 2286 samples are lower than 
those of the P207389 theoretical endmember may indicate slightly different "local" background ground 
water in the area of well 2286 or mixing with lower nitratekhlorite ratio waters. P210189 water 
compositions closely agree with the theoretical mixing curve and support mixing of 207-C pond water 
with "local" background ground water. 

e 

3.3.2.4 Mixing of SEP Waters with Ground Waters. 

Of fundamental importance in any model of ground water chemistry and/or flow in the vicinity 
of the SEPs is the assumption of mixing of SEP waters with ground water. This assumption is 
supported through the use of trilinear diagrams. Figure 3.3-20 shows the trilinear plotting positions 
of all available SEP water analyses from 1958 to 1991 . In view of the fact that the history of SEP 
construction, use and contents is very complex and that chemical data for water compositions is 
sparse, it is assumed that the range of ground water compositions shown on Figure 3.3-20 represents 
the full range of SEP water compositions. Also shown on Figure 3.3-20 is the theoretical mixing 
envelope representing the range of compositions that might result from mixing of any of the various 
pond water compositions with "local" background ground water. 

Figure 3.3-21 shows the trilinear plotting areas of all Upper HSU ground waters in the 
immediate vicinity of the SEPs which fall within, or largely within, the theoretical mixing envelope 
described above. The location of these wells are shown on Figure 3.3-1 7.  Figure 3.3-22 includes one 
representative sample from each well shown on Figure 3.3-21 and illustrates the TDS concentrations 
associated with each sample. To support the mixing hypothesis described in the previous paragraph, 

0 
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Figure 3.3-1 9 Theoretical mixing curve for 1991 SEP 207-C water and "local" background Upper HSU 
ground water represented by 1993 P207389. The 2/4/93 sample of P207389 forms the lower 
endmember of the curve (A) while SEP 207C water forms the upper endmember (B). Solid circles 
represent recent (post 1990) 2286 and open squares represent P210189 ground water compositions. 
The proximity of the points to the curve suggests that both 2286 and P210189 waters could have 
resulted from' the mixture of the two end-members and thus indicates that 207-C contamination at 
2286 and P210189 is actively displaced by upgradient ground water. (See text for additional 
explanation.) 
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the TDS concentrations of the resultant mixtures must be between those of the endmembers and 
should approximate the TDS predicted for a mixture of the same composition. In this case, the 
P207389 "local" background endmember has a relatively constant TDS concentrations of less than 
500 mg/L, but the SEP water endmember TDS concentrations range from 500 to 400000 mg/L, thus 
making prediction of intermediate TDS values difficult. For comparison with measured TDS 
concentrations shown on Figure 3.3-22, Figure 3.3-23 illustrates the trilinear plotting positions and 
predicted TDS concentrations for various mixtures of P207389 and ca. 1960 SEP 207-A water with 
a TDS concentrations of 100000 mg/L', Note that only 10 weight percent of the 207A water in the 
"local" background ground water results in a mixture TDS similar to the representative well 2886 ("G") 
ground water. Similarly, less than 2 weight percent is required to produce the TDS concentrations 
observed for all the other samples within the envelope. Clearly the absolute plotting positions and TDS 
values shown on Figure 3.3-23 are strongly influenced by the selection of the SEP water endmember. 

The general agreement between Figures 3.3-22 and 3.3-23 supports the hypothesis that SEP 
waters have affected and continue to affect Upper HSU ground waters. Furthermore, the magnitude 
of the TDS concentrations indicates that historic SEP waters (ca. 1960) may still be affecting ground 
water quality although different (greater) mixing proportions of recent, less concentrated SEP waters 
may produce similar results. The continued presence of historic process waste is indicated by vadose 
zone soil moisture collected in lysimeters placed beneath the SEPs which contains very high TDS 
waters resembling old process waste (see OU4 IM/IRA Phase I Decision Document, DOE, 1994). 
Additionally, a detailed analysis of seasonal fluctuations of ground water nitrate, uranium and gross 
alpha also indicates the presence of, and continued contamination of Upper HSU ground waters by 
historic SEP waters (Engineering-Science, 1 994). 

Seven monitoring wells shown on Figure 3.3-1 7 contain Upper HSU ground waters which do 
not plot within the mixing envelope discussed above. These are shown on Figure 3.3-24. Most 
notable among them are waters from wells 3086, P208989, P209889 and 0260 ("N", "0", "R" and 
"T" respectively). These four wells are all located just north and immediately downgradient of SEPs 
207-A and 207-8 North in what is generally believed to be a primary path for ground water flow. 
Furthermore, these wells contain the highest TDS and nitrate concentrations of any wells in the vicinity 
of the SEPs. Given the historically high nitrate concentrations in SEP waters, and the above 
arguments, there is no doubt that these ground waters are contaminated by SEP leakage. However, 
the fact that they occur outside the mixing envelope which is defined by the known range of SEP 
water compositions prevents an explanation of their major (exclusive of nitrate) constituent chemistry. 
No documented pond water compositions can serve as a mixing endmember to produce the observed 
ground water compositions in these wells. 

In general, ground waters from these wells are enriched in calcium (and/or depleted in 
sodium +potassium) relative to the high TDS ground waters within the mixing envelope. Figure 3.3-25 
suggests that 3086 ("N") has evolved with time during the period 1987 through 1993, become 
progressively more dilute and become compositionally similar to ground waters within the envelope. 
This suggests that the mechanism that produced the "non envelope" ground waters may be exhausted. 
One potential but unlikely explanation is the dissolution of calcite (in the form of caliche) from the 

Mixture compositions were calculated using the geochemical modeling program SOLMINEQ 
(Aggarwal et al., 1988). Actual calculated mixture compositions based on free ion concentrations 
deviate from the ideal straight mixing line due to extensive complexation in concentrated mixtures. 
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colluvium and weathered bedrock which would increase the proportion of calcium in solution. 
However, the SEP waters appear to be too near calcite saturation for such dissolution to be likely and 
the amount of calcite dissolution required to significantly alter the composition of such saline waters 
would be very large. Another potential explanation is cation exchange but this would require 
exchanging a divalent cation (Ca2+) with a monovalent cation like Na' or K+.  Generally the "replacing 
power" of cations is assumed to be Na c K c Ca < Mg < NH, (i.e., Na is less likely to replace Ca 
than vice versa). However, since cation exchange is fundamentally a stoichiometric process it is 
affected by laws of chemical mass action and "replacing power" is a function of concentration 
(Grirnrn, 1 968). Historic, as well as modern SEP waters, contain significantly higher concentrations of 
Na and K than they do Ca or Mg. In fact, the equivalence ratios are as high as 8:l (total monovalent 
cationic eq/L : total divalent cationic eq/L). Given this, cation exchange is considered to be at least 
a possible explanation for ground water compositions outside the mixing envelope. Other ground 
waters falling outside the mixing envelope (P207689 "C", P209389 "K" and 3486 "P") are less of 
an issue since they are all relatively dilute a s  compared with waters at 3086, P208989, P209889 and 
0260 and thus do not indicate important contamination by SEP leakage. 

3.3.2.5 Lower HSU Ground Water in the Vicinity of OU4. 

Figure 3.3-26 shows the trilinear plotting positions and representative TDS concentrations of 
ground waters from the deep monitoring wells with screened intervals considered to be in the Lower 
HSU. Also shown is the compositional area for site-wide KAL background ground waters. TDS 
concentrations for all but well 2586 ("V") are less than or only slightly higher than the 99/99 UTL 
(1 582.6 rng/L) for site-wide background. Slightly higher TDS concentrations are considered reasonable 
given the geographic and geologic variations within the area of RFETS. Note, however, that there is 
generally poor correspondence between the chemistry of the OU4 ground waters and the site-wide 
background ground waters. In general, all OU4 Lower HSU ground waters are enriched in calcium and 
sulfate relative to site-wide background ground waters. 

@ 

Although many possible explanations exist for the discrepancy between OU4 and site-wide 
background Lower HSU waters, the similarity in TDS concentrations does not support (but does not 
preclude) industrial contamination. A more reasonable explanation for the discrepency is that some 
common reactive minerals in the Lower HSU formations (eg. calcite and gypsum) are more or less 
abundant in or upgradient of OU4 (relative to the north and south buffer zones where the background 
wells are located) and result in somewhat different local ground water geochemistry. To evaluate this 
suggestion, a computerized geochemically equilibrium model program SOLMINEQ (Aggarwal, 1 988) 
was used to compare representative OU4 Lower HSU ground waters (2386, "U") with a representative 
background ground water from the Lower HSU (8304289). Gypsum was found to be significantly less 
saturated (SI,,,, = -3.5 in background versus -1 . I  in well 2386) in the background ground water 
relative to the OU4 ground water, suggesting that gypsum dissolution could account for the observed 
discrepancies. An  additional computerized model, NETPATH (Plummer et ai., 19921, was used to 
quantify the possible mineral reactions. Dissolution of 0.54 g/L of gypsum with precipitation of 0.1 8 
g/L of calcite and minor dolomite was found could account for the majority of the observed differences 
in major ion water chemistry. It is concluded that the Lower HSU ground water at OU4 (exclusive of 
well 2586 which is discussed below) is representative of "local" background and does not appear to 
have been affected by industrial contamination, at least not to the extent of altering the gross 
chemistry of the ground water. 
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Monitoring well 2586 (see Figure 3.3-1 6) has a significantly higher TDS concentration than the 
other Lower HSU wells at OU4 and is chemically the furthest removed from the site-wide background 
composition. Additionally, well 2586 contains about 1 0 times higher nitrate concentrations than other 
Lower HSU wells in OU4 and the overall chemistry generally resembles the SEP waters (compare Figure 
3.3-20). These observations would indicate SEP contamination except that well 2586 is located 
upgradient of the SEPs and is unlikely to be contaminated if none of the downgradient wells are 
contaminated. It is likely that the indicated contamination in well present in 2586 has entered the well 
bore via leakage along the riser due to incomplete or failed grout. 

3.3.2.6 Ground Water Regime Along North Walnut Creek. 

The area along North Walnut Creek probably is a discharge zone for contaminated Upper HSU 
ground waters. Stratigraphically the area is characterized by unconsolidated VFA overlying KAL 
bedrock which is weathered. The VFA grades laterally into colluvium so that the VFA, colluvium and 
weathered bedrock comprise the Upper HSU. Eight monitoring wells within approximately 100 feet 
of North Walnut Creek are completed in the Upper HSU and two are completed at relatively shallow 
depths (<25 feet) in unweathered bedrock (1 686, "EE" and 1486, " I I " ) .  All well locations are shown 
on Figure 3.3-1 7. Figure 3.3-27 illustrates the major-ion quality of all available ground water samples 
along N. Walnut Creek. Note that Upper HSU ground waters from the furthest upstream well 
(8208789, "AA") and downstream wells (1 586, "HH" and 1386, "JJ") plot within the trilinear area 
of site-wide background VFA ground waters. However the TDS concentrations are somewhat higher 
than the 85th percentile of the background population (460 mg/L) and the nitrate concentrations of 
1586 mg/L exceeds that of the background ground water concentrations (52 versus 0.6 mg/L 
NO, + NO, as N). Monitoring wells P21089, 1786, 8208689, 8208589 and B210489 ("BB", "CC", 
"DD", "FF" and "GG" respectively) plot outside the background compositional area and greatly exceed 
both the background TDS and nitrate concentrations. The composition of ground waters in these wells 
resembles but is more dilute than the highly contaminated Upper HSU ground waters found between 
the SEPs and the ITS (see IN", "0", "R" and "T" on Figure 3.3-24). Since all of the Upper HSU ground 
waters just mentioned lie along a straight line on the trilinear diagram suggests that they are simple 
mixtures of two endmembers - in this case background VFA water and SEP-contaminated ground 
water. This interpretation is not, however, supported by a mixing model which considers nitrate. 

0 

Figure 3.3-28 shows a theoretical mixing curve for upgradient VFA ground water (represented 
by well B208789) and SEP-contaminated Upper HSU ground water from a position upgradient of the 
ITS (represented by well P209889). Contaminated ground water from well P209889, if not 
intercepted by the ITS, would be expected to migrate through the weathered bedrock and enter the 
VFA in the vicinity of well 1786. However water samples from well 1786 do not correlate with the 
mixing curve, suggesting that ground water from well 1786 did not originate by simple mixing of the 
two end-members. This does not necessarily mean that well P209889 ground waters are not 
contributors to well 1786 ground waters, only that a more complex mixing scenario is likely. 

Regardless of the complexity of the system, it appears obvious that SEP contamination has 
entered and probably continues to enter the North Walnut Creek flow regime at least as far west 
(upstream) as well P210089 and as far east as well B210489. Dilution in the Upper HSU along North 
Walnut Creek appears to be rapid for even the most conservative (transportable) constituents such as 
chloride and nitrate. 
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MIXING CURVE - OU4 
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Figure 3.3-28 Theoretical mixing curve for upgradient VFA ground water (6208789) and SEP- 
contaminated Upper HSU ground water (P209889). Endmembers form ends of curve as labeled. 
Sample 1786 is represented by the circles. The failure of 1786 samples to plot along the mixing curve, 
and the fact that a best-fit line drawn through those points (not shown) is not oriented parallel to the 
mixing curve, does not support a hypothesis that 1786 was derived from mixing of the two 
represented endmembers. 
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The two Lower HSU monitoring wells included on Figure 3.3-27 ("EE" and "II") are 
compositionally similar to the Lower HSU ground waters discussed in section 3.3.2.5 (see Figure 3.3- 
261 except for slightly higher TDS concentrations. Based on these two wells, SEP contamination does 
not appear to have migrated into the Lower HSU even to a depth of 25 feet in the area of North 
Walnut Creek. 

3.3.2.7 Summary of OU4 Major Constituent Ground Water Geochemistry. 

The following points summarize the geochemistry of the Upper and Lower HSU ground waters 
based on the preceeding analysis of major-ion constituents: 

a) Of the 1026 ground water analyses available for OU4, roughly 44  percent are complete 
analyses and only 34 percent are considered useable for major ion geochemistry. In 
addition, a number of the wells routinely shown on OU4 maps have yielded very few or no 
analyses. 

b) Trilinear diagrams are extremely useful for assessing overall water quality but do not 
represent the significance of nitrate which is not included on the diagrams. 

C) Site-wide background ground water studies clearly indicate that water in the Rocky Flats 
Alluvium and the weathered bedrock lithostratigraphic units and have similar major ion 
chemistry and should be considered part of the same hydrostratigraphic unit. Piezometric 
studies also support this interpretation. However, trace-level contaminants may be 
distributed differently, primarily due to sorption phenomena. 

d) Site-wide background ground water studies indicate that water in Colluvium and Valley Fill 
Alluvium are genetically related. 

e) OU4 Upper HSU ground water background quality is very poorly defined. Only one 
monitoring well (P207389) appears to contain water unaffected by the SEPs. This is 
considered the only "local" background well. Two other wells in upgradient positions 
(P210189 and 2286) contain minor but definite SEP (probably from SEP 207-C) 
contamination, and are probably being actively diluted by upgradient ground water. 

f) The history of liquids placed in the SEPs is complicated and poorly documented which 
makes interpretation of ground water chemistry difficult. In general, SEPs 207-A and the 
207-8 series ponds contained bulk-chemically similar liquids during their operating life. SEP 
207C liquids were unique (at least in 1991 1. 

g) Virtually all Upper HSU ground waters in close proximity to the SEPs are shown to have 
chemical compositions resulting from the mixing of various proportions of "local" 
background ground water and one or more of the SEP liquid compositions. The proportion 
of SEP liquids in ground water ranges from 10 weight percent to much less than 1 weight 
percent. Liquids resembling historic (ca. 1960s) SEP wastes are present in vadose 
materials beneath the ponds and appear to affect present-day ground water compositions. 
Recent (1 99  1 1 SEPwaters do not explain observed ground water compositions. 
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h) Highly contaminated Upper HSU ground waters immediately north of the SEPs, but 
upgradient of the ITS, are not completely explained by simple mixing of "local" background 
and SEP waters. Water-rock interactions (possibly cation exchange), combined with mixing, 
may explain the observed shift in bulk chemistry for these ground waters. 

i) bower HSU ground waters at OU4 are chemically different from site-wide background but 
do not appear to be affected by industrial contamination. Differences in KAL lithology and 
water-rock interactions seem to explain the observed differences. At least one Lower HSU 
well appears to be contaminated by SEP waters but may be caused by leakage along the 
well bore. 

j) SEP-contaminated ground water has and probably continues to enter the Upper HSU flow 
regime along North Walnut Creek over a distance of at least 1000 feet along the axis of the 
creek. 

k) No SEP contamination appears to have entered the Lower HSU along North Walnut Creek 
but monitoring wells are limited. 

3.3.3 Effectiveness of the ITS 

The Interceptor Trench System (ITS) influences ground water flow and contaminant migration 
at OU4. In addition to the impact the ITS has on current site hydrologic conditions and contaminant 
transport, it is an active remediation technology that collects OU4 ground water and may be included 
in future remediation alternatives. A comprehensive discussion of the ITS and its effectiveness is 
provided as Appendix A of this work plan. The conclusions from Appendix A are summarized below. 

e 
Data currently available indicate that where the ITS is keyed into bedrock, it effectively collects 

ground water in the unconsolidated material of the Upper HSU. Generally, effective bedrock "keying" 
is indicated where the base of an ITS trench is at an elevation equal to or below the top of the bedrock 
claystone. Where the ITS is keyed into bedrock, trench depths below the top of bedrock range from 
0 to 19 feet, with most locations being less than 5 feet. The impact of weathering of the bedrock 
claystone surface on the effectiveness of the ITS is unknown. Originally the ITS was designed and 
built to intercept Upper HSU ground water. The length of the ITS is approximately 1,750 feet. The 
eastern third of the ITS is not effectively keyed into bedrock and consequently only about 1,400 feet 
of the system may be intercepting Upper HSU ground water. Although the evaluation conducted and 
presented as Appendix A is adequate to determine the effectiveness of major portions of the ITS, field 
data are insufficient to detect all problem areas (e.g., those caused by crushed or clogged pipes). 
Further observations regarding the ITS are identified below. 

The limiting hydraulic component of the ITS is the 4-inch diameter PVC pipe connecting the 
ITS Southern Extension to Pipe 12 of the original ITS. This pipe will convey approximately 
67 gallons per minute (gpm) of water when flowing at capacity and when water at its inlet 
is backed up to the inverts of the incoming pipes on the Southern Extension manhole. 

Field observations of the West Collector from the fall of 1992 to the present indicate that 
flow does not occur through the West Collector into the western pipe of the ITS Southern 
Extension. There no longer appears to be a hydraulic connection between the West 
Collector and Bowman's Pond (Bldg. 774). Earlier studies had estimated that the West 
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Collector accounted for approximately 22 percent of total flows collected by the ITS (ASI, 
1991 1. 

e The ITS appears to desaturate surficial materials where it is keyed into bedrock. 
Piezometers completed in the surficial materials immediately upgradient and downgradient 
of the ITS (piezometers PZO1 and PZ04) support this statement. Other reports have also 
documented the extent of desaturated surficial materials (see Figures 4-34 and 4-35 in the 
"Final Ground Water Assessment Plan", EG&G, 1 993~ ) .  

0 The Southern Extension of the ITS will collect stormwater flows in addition to ground water 
flows. Stormwater modeling predicts that precipitation events exceeding the 0.25 inch/2- 
hour storm event will generate stormwater runoff which will be collected by the ITS 
Southern Extension. 

e Stormwater modeling predicts that stormwater collected by the ITS from the Building 779 
area can account for approximately 36 percent (approximately 700,000 gallons) of total 
average annual ITS flow. 

e Flow records from the ITS are not sufficient to verify when ITS stormwater collection 
becomes significant. For example, a 0.44-inch precipitation event on May 17, 1993, 
resulted in increased ITS flows on the day of the storm event and the following day. Flow 
data indicate that approximately 14,000 gallons and 1 1,900 gallons of stormwater runoff 
were collected on the first and second days, respectively, assuming a base ITS flow of 
6,200 gallons per day. 

The design of the ITS is such that additional pipes downgradient of the Southern Extension 
are capable of recapturing and conveying ground water flows that have bypassed the ITS 
Southern Extension collection pipes. 

Although the daily flow record from the ITS pump house is limited, the average daily flow 
from a period of 167 days extended over a one-year period indicates that the ITS collects 
approximately 1,969,000 gallons in that year. Precipitation records over the period in 
which this flow data were generated indicate that the amount of precipitation recorded was 
72 percent of normal. 

0 Expected flows within the ITS have been calculated based upon complete capture of all 
ground water in areas where the ITS is keyed into bedrock. These expected flows were 
maximized by using the maximum thicknesses of saturated alluvial materials. These 
calculations were made during periods in which a precipitation event had not occurred for 
some time, thus ensuring that the ITS was not collecting stormwater runoff. The 
calculated flows for the ITS are less than the actual flows recorded in the ITS during these 
periods. This indicates that the ITS is collecting other flows (such as in the North Walnut 
Creek area) that have not been accounted for in this evaluation. 

a Significant areas of contaminated ground water flow in unconsolidated material of the 
Upper HSU appear to be effectively intercepted by the ITS. These areas are north, 
downgradient and downslope of the SEPs where the ITS is keyed into bedrock. 
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In other areas where nitrate contamination of ground water in unconsolidated material of 
the Upper HSU exists, especially northeast of SEP 207-8 North, the ITS fails to collect that 
contamination (EG&G, 1993d). In this area, the ITS is generally constructed above the top 
of bedrock elevation avd some portion of the total ground water flow may pass beneath 
the ITS. ITS upgrading may be required to accomplish complete interception in this area. 

3.3.4 Surface Water 

The major components of the surface water system within OU4 are Bowman's Pond, ground 
water seeps, and drainage ditches. Although officially part of OU6, North and South Walnut Creeks 
are surface water bodies of interest in the OU4 area. Surface water is currently monitored in OU4 
as part of a sitewide surface water monitoring program. Figure 3.3-29 shows the surface water 
monitoring stations in the area of OU4. Table 3.3-3 provides a description of these surface water 
monitoring stations. 

3.3.4.1 Description of OU4 Surface Water. 

North Walnut Creek, located north of the SEPs, typically flows throughout the year. Ground 
water flows from the SEPs toward North Walnut Creek in both the weathered bedrock and 
unconsolidated material. Potentiometric surface maps also indicate that ground water flows toward 
South Walnut Creek. Because the SEPs are believed to be a source of contamination, the ground 
water quality of North and South Walnut Creeks is of concern. 0 

Bowman's Pond is a small pond located northwest of SEP 207-C between surface water 
sampling stations SW086 and SW084 (Figure 3.3-29). Bowman's Pond receives footing drain flows 
and limited stormwater runoff from the Building 771 /774 area. The water level in Bowman's Pond was 
previously controlled via a sump connected to the western end of the ITS. However, the hydraulic 
connection between the pond and the sump became blocked during the fall of 1992. As a result, the 
pond has since overflowed and inundated the surrounding area. Currently, there are no data which 
quantify the volumes of water entering or leaving the pond. A discussion of Bowman's Pond is 
provided in Appendix B. 

Ground water seeps are an important source of surface water in OU4. Seeps have been 
present on the hillside north of the SEPs since the original bentonite-lined pond was installed. After 
the construction of the present SEPs, additional seeps were noted along the northern hillside. A series 
of trenches, sumps, and pumps was installed immediately downhill of seep locations to intercept and 
collect SEP leakage. Water from these trenches and sumps was pumped to the SEPs. Ground water 
from beneath the 207-A and 207-B SEPs is also collected in covered drainage tiles beneath these 
ponds. The drainage tile between SEPs 207-A and 207-B empties into Sump 2. The covered drainage 
tile east of the 207-8 SEPs empties into Sump 1. After installation of the ITS, the older trenches, 
sumps, and pumps were abandoned. Several surface water monitoring stations have been established 
in the sumps. Figure 3.3-30 shows the location of existing seeps and Table 3.3-4 provides a 
description of the seeps. 
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TABLE 3.3-3 

DESCRIPTION OF SURFACE WATER MONITORING STATIONS 

MONITORING 
STATION 

sw022  

SW023 

SW056 

SW059 

SW060 

SW06 1 

swoa4  

swoa5 

SWO86 

swoa7 

SW088 

swoag  

SWO90 

swo91  

DESCRIPTION 

Outside of PA; SE of the SEPs in the Central Ave. drainage ditch. 

East of perimeter road in S. Walnut Creek. 

South of Building 991 near S. Walnut Creek; effluent from fiberglass pipe in 
hillside. 

Outside of PA 109 to the west, near S. Walnut Creek; source possibly leaking 
water main. 

Outside of PA to west near S. Walnut Creek; 30’ downstream of corrugated 
metal pipe. 

Outside of PA to west on S. Walnut Creek; just upstream of sump. 

Ditch above Bowman’s Pond. 

Hillside north of SEPs; immediately downhill of Building 779 footing drain. 

Sump downgradient of Bowman’s Pond (West Collector). 

Hillside north of SEPs; manhole on french drain. 

Hillside north of SEPs; manhole on french drain. 

Hillside north of SEPs; Sump 2 which is connected to drainage tile between 
SEPs 207-A and 207-B. 

Hillside north of SEPs; pump sump for Trench 1. 

Immediately outside of northeastern corner of PA; in ditch collecting runoff 
from PA. 
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TABLE 3.3-3 (Continued) 

DESCRIPTION OF SURFACE WATER MONITORING STATIONS 

~~ ~ ~ 

MONITORING 
STATION 

SW092 

SW093 

SW094 

SW095 

SW101 

sw102  

SW105 

SW106 

sw119  

sw120  

sw121  

sw122  

SW124 

SW132 

sw133  

DESCRIPTION 

In N. Walnut Creek upstream from Pond A-1 . 

In N. Walnut Creek due north of SEPs. 

ITS main sump; pipe on wall of eastern side of sump. 

ITS main sump; bottom of water vault. 

East of Building 991 ; ponded seep uphill of S. Walnut Creek. 

Hillside north of Building 774; immediately downhill from small culvert and 
possible seep. 

Hillside north of SEPs; pump sump for Trench 2. 

Hillside north of SEPs; Sump 1 which is connected to the drainage tile east of 
207-B SEPS. 

In drainage ditch north of southern extension of ITS. 

In drainage ditch north of southern extension of ITS. 

Seep to the south of the S. Walnut Creek; west of Building 991. 

In S. Walnut Creek south of SEP 207-A; west of Building 991. 

Marshy area upstream of Bowman’s Pond. 

In S. Walnut Creek outside PA; just above confluence with sewage treatment 
plant effluent. 

In S. Walnut Creek outside PA. 
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TABLE 3.34 

DESCRIPTION OF SEEPS 

SEEP 

Western Seep 

Trench 2 Seep 

Sump 2 Seep 

Large Hillside Seep 

Building 779 Footing Drain Seep 

DESCRIPTION 

North of eastern edge of SEP 207-C near the perimeter 
road; no surface water monitoring station at this seep. 
Approximately 30' by 40'. 

Immediately north and downhill of sump for Trench 2; 
seep is about 25' in diameter. 

Sump 2 collects water from the drainage tile between 
SEPs 207-A and 207-8; seep begins at Sump 2 and 
extends downhill to monitoring well access road where 
it appears to infiltrate into the ground; seep is about 
65' long. 

North of SEPs 207-A and 207-8, downhill from the 
monitoring well access road; may be northern 
extension of the Sump 2 seep; seep is approximately 
100' by 150'. 

North and downhill of the outfall for the footing drain 
for Building 779; pipe is dry but may be leaking in 
hillside; seep extends 45' to the north and is 20' wide 
at northernmost Doint. 
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Drainage culverts along the Northeast Access Road and the perimeter road within the PA 
contain surface water after storm events. A surface water monitoring station (SWO91) has been 
established near a storm water pipe under the Northeast Access road. 

3.4 Nature of Contamination 

This section describes the nature of contamination at OU4 and its underlying ground waters 
and contiguous surface waters. The information presented in this section is primarily summarized from 
the OU4 Phase I RFI/RI report (DOE, 1994). 

3.4.1 Sources 

Pond Materials. Residual pond materials are recognized as potential sources of contamination 
to ground water. Characterized as solid, semi-solid, or liquid, these sludge-like materials contain 
contaminants that can be transmitted to the ground water if released from their source matrix. 

According to the OU4 Solar Evaporation Ponds Proposed IM/IRA Decision Document, liquids 
from the SEPs contained various inorganic compounds, radionuclides, and other contaminants (DOE, 
1994). Several major contaminants (historical) from the SEPs are identified below: 

Pond 

207-A 

207-8 North 

207-8 Center 

207-8 South 

207-C 

Major Liquid Contaminants 

Nitrate, 234U, 238U, Tritium 
Sodium, Potassium, Phenols 

Nitrate, 234U, 238U, Tritium 
Sodium, Potassium 

Nitrate, 234U, 238U , 241Am, 
239Pu, Sodium, Potassium 

Nitrate, 234U, 238U, 241Am, 
239Pu, Sodium, Potassium 

Remark 

Concentrations high (percent levels) 

Concentrations generally much 
lower than in SEP 207-A 

Analytical data are incomplete and 
not comparable to SEP 207-A or 
207-8 North 

Concentrations generally 
comparable to other 207-8 Series 
SEPs 

Nitrate, Sulfate, Chloride, 
C~anide, '~~U, 238U, 241Am, 
239PuI Sodium, Potassium, 
Phenols 

Concentrations generally higher 
than the 207-8 Series SEPs 

Historically, having received waste-related materials, the five SEPs have acted as sources of 
contamination to ground water. Currently, only SEP 207-8 South and SEP 207-C contain waste liquids 
and sludges. SEP 207-C also contains water. A s  part of the SEP closure plans, these materials will 
be removed in 1994 or 1995. In 1988, the estimated inventories of waste materials in the SEPs were: 

OU4 Phne II 
September 1, 1994 



Rocky Flats Environmental Technology Site 
Phase I I  RFI/RI Work Plan for OU4 

Document No.: 
Section No: 

SEP 

207-C 

RF/ER-94-00040 
Section 3: Rev.0 

Liquids (gallons) Solids (cubic yards) 

750,000 250 

Page: 3-77 
Effective Date: @ Category Organization: Environmental Restoration Program Div. 

207-8 South 
~~ ~~ 

5,050 721 b' 

Sediments 
b1 Sludges 
(Source DOE, 1988) 

The data provided above indicate that contamination levels were highest in SEPs 207-A and 
207-C. Contaminant types and concentrations of the 207-8 Series SEPs appear to be similar. Review 
of the analytical data from which this information was obtained indicated that significant organic 
contamination was not present in the SEP liquids. 

The inorganic contaminants identified above (e.g., nitrate, sulfate, chloride) can exist in 
aqueous solution at high concentrations. This fact, coupled with their observed presence at high 
concentration, indicates that the liquids contained in the SEPs were contaminant sources to ground 
water if leakage occurred. Significant leakage is thought to have occurred and it is likely that 
contamination was released to the underlying ground waters. Radionuclide contamination emanating 
from the SEPs may have been attenuated in geologic media underlying the SEPs. In general, however, 
the high ionic strength of the aqueous media in the SEPs would enhance contaminant mobility through 
porous materials by neutralizing soil cation exchange sites. Ionic strengths in the range of 10 meq/L 
have been estimated from SEP TDS data. 

0 

3.4.2 Soils 

This section describes the nature of contamination associated with the surface and subsurface 
soils at OU4. 

3.4.2.1 Surface Soils. 

Surface soil samples collected in the Phase I RFI/RI field investigation were analyzed for many 
inorganic, radionuclide, organic, and other relevant parameters to assess the presence of 
contamination. The purpose of the surface soil sampling program was to identify contaminants that 
could affect receptors through direct contact (e.g., inhalation). Surficial soil data are important in 
understanding how contaminants and contaminated ground water move through the soil column. 
Contaminant transport may be enhanced by mechanisms such as colloidal transport or may be inhibited 
by contaminant sorption onto soil materials. A brief summary of the surface soil sampling results is 
presented below. 

Metals and Radionuclides. Metals were detected in surface soil locations at a frequency and 
concentration to indicate that contaminants from the SEPs may have affected surface soils. Table 3.4- 
1 summarizes the occurrence and concentrations of metals and radionuclides detected above 
background levels in surficial soils. The concentrations of metals, particularly zinc, appear to be 
consistent with the waste history. The occurrence of radionuclides, including plutonium, americium, 
and uranium, likewise, is consistent with historical SEP waste streams. 

OU4 Phase II 
Seetsmbsr 1, 1 a94 



Rocky Flats Environmental Technology Site 
Phase Il RFI/RI Work Plan for OU4 

Document No. : 
Section No: 

RF/ER-94-00040 
Section 3: Rev.0 * Category 

Page: 3-78 
Effective Date: 
Oraanization: Environmental Restoration Program Div. 

Organic Compounds. Many of the samples from surface soil locations were submitted for 
organic analysis. Results from these analyses indicate that certain portions of the surface landscape 
are affected by organic contamination. Results of each of the organic suite groupings are discussed 
below. 

Semivolatile Organics. Review of the semivolatile organic compound (SVOC) analyses indicate 
a pattern suggesting appreciable occurrence. The data presented below summarize the representative 
occurrence of SVOCs in surface soils data from the Phase I RFI/RI. 

Compound Average Maximum I I Units I Occurrence 
Percent" 

77 laboratory reports 
b' pg/kg = micrograms per kilogram 

As indicated above, the occurrence of SVOCs in surface zone soils was relatively common 
(approaching 80 percent in some cases). The phthalate esters detected are common in nearly all soil 
samples, and their occurrence is often attributed to laboratory or sampling contamination. Additionally, 
the occurrence of polycyclic aromatic hydrocarbons (e.g., fluoranthene) is also known to be widespread 
and common even in urban settings. 

Pesticides and PCBs. Inspection of the analytical data reveals that there were no reports of 
pesticides and two detections of polychlorinated biphenyls (PCBs) in the 77 surface soil samples. 
Aroclor-1254 was reported twice at detections of 282 and 960 pg/kg. 
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TABLE 3.4-1 
SUMMARY OF METALS AND RADIONUCLIDES 

REPORTED ABOVE BACKGROUND FROM SURFACE SOILS, 
OCCURRENCE AND CONCENTRATIONS 

Occurrence percent is number of detections per number of samples. 
Number of samples = 72 for all analytes except 241Am ( =71) and z 3 s P~  ( =71). 
Background is the Upper Tolerance Limit,,,,, /UTL,,:,,) 
for Rock Creek Drainage surface soil data set of 18. 

mglkg = milligrams per kilogram 
b’ pCi/g = picocuries per gram 
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3.4.2.2 Subsurface Zone Soils. 

Subsurface zone soil samples collected from boreholes in the Phase I RFI/RI field investigation 
were analyzed for radionuclides and many inorganic, organic, and other relevant parameters to assess 
the presence of contamination. The purpose of the borehole soil sampling program was to identify 
contaminants that could act as a source of ground water contamination and affect receptors through 
direct contact (e.g., inhalation). In terms of the emerging site-specific model, subsurface soils lie 
between the primary source (materials in the SEPs) and ground water. Thus, the subsurface soils 
beneath the SEPs and over the ground water could either retard contaminant migration to ground water 
and/or act as a source of ground water contamination. 

Following is a brief summary of the borehole soil sampling results. The purpose of this 
summary 'Is not to supplant the detailed analysis given in the Phase I RFI/RI. Rather, the summary was 
utilized in development of DQOs and the FSP portion of this work plan. 

Metals and Radionuclides. Metals were detected in subsurface soil samples at significant 
frequency and concentration, indicating that contaminants leaked from the SEPs. Table 3.4-2 is a 
summary of the occurrences and concentrations of metals and radionuclides detected above 
background levels. 

The summary provided in Table 3.4-2 is preliminary because the analytical data have not been 
fully validated. However, the concentrations of metals, particularly barium and calcium, are consistent 
with the waste history (see Section 3.2.2). The occurrence of radionuclides, including plutonium, 
americium, and uranium, likewise, is consistent with historical SEP activities. 

Organic Compounds. Many of the samples from borehole soil locations were submitted for 
organic analysis. The results of these analyses indicate that unsaturated zone soils are not affected 
by organic contaminants. Results of each of the organics suite groupings are discussed below. 

Volatile Organic Compounds. Inspection of the preliminary volatile organic compound (VOC) 
data indicates virtually no significant contamination in the subsurface soils. This is supported by the 
following observations: 

Number of VOCs analyzed: 34  

e Number of VOCs detected: 6 

0 Number of detects of common lab contaminants: 4" 

Number of VOC PCOCs: 2 
( "  2-butanone, methylene chloride, acetone, toluene) 
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TABLE 3.4-2 
SUMMARY OF METALS AND RADIONUCLIDES REPORTED ABOVE 

BACKGROUND LEVELS FROM BOREHOLE SOILS, 
OCCURRENCE AND CONCENTRATIONS 

u238 pCi/g 100 1.8 11.5 1.79 

Occurrence percent is number of detections per number of samples. 
Background is the Upper Tolerance Limit,,,,, (UTLsg,,,) 
for the Rocky Flats Alluvium reported in the Background Geochemical Characterization Report 
(EG&G, 1993b). pg/kg = milligrams per kilogram. b/ pCi/g = picocuries per gram. 

The data below profile the two  VOCs detected in borehole soils that are not common lab 
contaminants. 

One of the 136 analyses detected 1 ,l , I  -trichloroethane. Tetrachloroethane was detected in 
10 of 136 analyses. Both compounds were reported at very low concentrations, with several 
tetrachloroethane reports actually below the detection limit of 10 pg/kg. 
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Semivolatile Organics. Review of the SVOC analysis indicates a pattern supporting a 
This is documented by the conclusion of minimal organic contamination in the unsaturated zone. 

observations below taken from a review of the borehole sample data base: 

Number of SVOC compounds analyzed: 68 

0 Number of SVOC compounds detected: 4 

The data presented below summarize the occurrence of detections of SVOCs in subsurface 
soils during the Phase I RFVRI. 

( "  23 laboratory reports) 
' pg/kg = micrograms per kilogram. 

As indicated above, the occurrence of SVOCs in unsaturated zone soils was uncommon. The 
phthalate esters detected are common in nearly all soil samples and their occurrence is often attributed 
to laboratory or sampling contamination. The single report of phenol is a very low concentration 
detect. 

Pesticides and PCBs. The preliminary analytical data revealed that there were no detections 
of pesticides or PCBs in the 29 borehole soil analytical reports. 

Spatial Occurrence. A visual review of the metal and radionuclide detections indicated that 
most detections occurred in samples within the SEPs and/or the immediate vicinity. The review 
indicated that borehole samples collected from the buffer zone did not generally indicate unsaturated 
zone contamination. Borehole data indicate that contaminant concentrations diminish with depth in 
the area of the SEPs. 

3.4.2.3 Vadose Zone Waters. 

In accordance with the work plan, vadose zone pore water samples were obtained from 
lysimeters installed in the unsaturated zone. Analysis obtained from these samples are summarized 
in Table 3.4-3. A review of Table 3.4-3, includes both preliminary and unvalidated data, indicates that 
radionuclides and metals were detected frequently in vadose zone pore waters. The table also 
indicates that SVOCs, pesticides and PCBs were not detected in vadose zone pore waters. A detailed 
evaluation of the lysimeter studies, including interpretation of the analytical results, can be found in 
the Phase I RFI/RI report. 

0 
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3.4.2.4 Summary of Contaminant Migration. 

The Phase I RFI/RI data for soils, in combination with the 1992 and 1993 RCRA monitoring 
data for ground water, were used to begin to understand if and how the contaminants are migrating 
through the subsurface at OU4. This knowledge is valuable in focusing the initial "observational 
approach" of the Phase II field investigation. 

The preceding sections of this work plan have summarized the current OU4 data set and 
understanding of the site. This section uses that data to  develop a site conceptual model, and 
summarizes the current understanding of how the contaminants are transported at the site. This 
discussion traces a contaminant release from the surface through the potential migration pathways, 
using known data. Overlay 3.4-1 is a series of conceptual depictions of contaminant transport. 

The surficial soils at OU4 exhibited elevated metals, radionuclides, and nitratednitrites. The 
occurrences were centered north of the SEPs. The obvious surficial source of Contaminants at OU4 
are the SEPs themselves. The occurrence of these contaminants at the surface implies no migration 
into the soil column or partial migration, with some contamination remaining at the surface. The 
surficial contaminants have migrated north (downgradient). 

The Upper HSU ground water exhibits elevated values of radionuclides, metals, inorganics, and 
volatile organics. The VOC occurrences are found south of SEP 207-C and south of Building 995. The 
other contaminants all occur in generally similar plumes around the SEPs, trending north and extending 
beyond the ITS. 

The vadose investigation completed in Phase I revealed some metals occurrences (a smaller 
frequency of detection than at the surface) and a higher frequency of detection for radionuclides. The 
radionuclides were generally occurring at higher concentrations in the vadose zone, Nitratelnitrite 
follows this same pattern. The occurrences in the vadose zone are generally immediately north of the 
SEPs, indicating downward transport from the overlying contaminated soils. 

The subsurface (borehole) samples from the Phase I investigation exhibit primarily metals, 
nitratehitrite, and radionuclides, with some inorganics. Concentrating on the consistent occurrences, 
contaminants in borehole soils occur at lower concentrations than the concentrations found in the 
vadose zone samples. The subsurface soil 
contaminants occur in an area around the SEPs that is less widespread than the vadose zone 
occurrences. 

Tritium is the major exception to this generality. 

The weathered bedrock ground water indicates contamination in an area that approximates the 
areal extent of the contaminants in the unconsolidated materials ground water. The constituents Of 
this plume are the same as the shallower waters, with the exception of the metals. Metals in the 
weathered bedrock ground water are often at higher concentrations than in the unconsolidated 
materials water, and a larger suite of metals is reported. 
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TABLE 3.4-3 

PRELIMINARY DETECTION SUMMARY BY GROUP 
VADOSE ZONE PORE WATERS 

Occurrence 
Percent 

100 

Metals # 
- Barium, pg/l 
- Cadmium, pg/l 
- Calcium, pgll 
- Lead, pg/I 
- Sodium, pg/l 

88 
11 
97 
33 

100 

svocs 
- Phthalate esters 

o Bisl2ethylhexyl)phthalate, pg/I 0 
- PAHs 0 
~ Phenols 0 

Pesticides/PCBs (507 samples) 
-Pesticide 0 
-PCB 0 

Table Notes 

Maximum 

3,400 

1,470 
54 

3,490,000 
1,110 

7,900,000 

ND 
ND 
ND 

ND 
ND 

Average 

- 

74 1 

130 
24 

125,950 
138 

61 1,519 

ND 
ND 
ND 

ND 
ND 

* Comparisons to background were not available because no suitable comparison group (i.e., 
vadose zone waters) could be identified in the Background Geochemical Characterization 
Report IEG&G, 1993). 

# Other metals were detected in samples from lysimeters, including arsenic, chromium, 
copper, and lithium. Though no background comparison data set could be identified, some 
reported metal concentrations appeared to be elevated when contrasted with Upper HSU 
ground water measurements. 

ND: Not Detected. 
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Ground water from the Lower HSU (unweathered bedrock) exhibits unduplicated occurrences 
of individual metals or radionuclides. The occurrences at this time would not indicate definitive 
contamination, but do demand further monitoring. 

In summary, the contaminant transport footprint exhibited at OU4 after more than 20 years 
of potential contaminant migration includes some contamination remaining at the surface, the majority 
of the contamination moving into the Upper HSU waters and the vadose zone, and lesser migration into 
the bedrock soils. Overlay 3.4-1 illustrates this transport through the soil profile. The model portrayed 
in this column is reiterated in cross-section in the site conceptual model, presented in Section 3.5. 

3.4.3 Ground Water 

Ground water quality data for unconsolidated materials and weathered bedrock presented in 
the 1992 RCRA Ground Water Monitoring Report were reviewed. Contaminants detected during 
quarterly RCRA monitoring in 1 992 included VOCs, radionuclides, metals, and anions (fluoride, 
nitratehitrite, and sulfate). Ground water quality data for the Upper and Lower HSU water-bearing 
zones are summarized in the following paragraphs. 

3.4.3.1 Unconsolidated Materials Ground Water. 

The 1992 RCRA Ground Water Monitoring Report presents results of statistical tests to 
determine if differences in ground water quality between upgradient and downgradient wells screened 
in unconsolidated materials were statistically significant. If there were no significant statistical 
differences in the contaminant concentrations between upgradient and downgradient wells, then the 
source is assumed to be upgradient. Significant statistical differences were observed for radionuclides, 
dissolved metals (lithium, sodium, potassium, selenium, and silicon), inorganic analytes (TDS, fluoride, 
sulfate, nitratehitrite, and bicarbonate), and pH. 

0 

Volatile Organic Compounds. The detections of VOCs in OU4 unconsolidated materials ground 
water are shown on Figure 3.4-1, VOCs detected in 1992 and 1993 included methylene chloride, 
DCA, DCE, TCE, TCA, PCE, 4-methyl-2-pentanone, chloroform, carbon tetrachloride, vinyl chloride, 
acetone, benzene, toluene, and xylene. VOC concentrations were highest during the third and fourth 
quarter sampling events. The maximum VOC concentrations detected in 1 992 occurred immediately 
south (upgradient) of SEP 207-C in Well 2286. Ground water from this well contained carbon 
tetrachloride (750 ug/L), chloroform (120 ,ug/L), 1,2 DCE (33 pglL), and JCE 1660 pgJL). The 
occurrence of VOCs upgradient of the SEPs suggests the presence of a source in the industrial area 
southwest of SEP 207-C. Alternatively, mounding or a localized reverse gradient in the past would 
have allowed contamination to migrate south and west of the SEPs. Elevated concentrations of 
solvent-related compounds were also detected approximately 1,000 feet southeast (downgradient) at 
Well 3586 of the SEP area (Figure 3.4-1). Vinyl chloride, which is a degradation product of PCE, TCE, 
and DCE, was detected at relatively high concentrations in this well, suggesting that contamination 
in this area had migrated some distance from the source area. Alternatively, VOC contamination from 
the Industrial Area is being detected. 
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Isolated, low-level detections of toluene, xylenes, carbon disulfide, and acetone occurred in 
Wells P207489, 2986, and 8208189, located south, east, and northeast of the SEPs, respectively. 
Acetone is a common laboratory contaminant, and may not be indicative of actual contamination. The 
occurrence of ground water (and therefore contarnination) in Well 8208089 may be localized and 
related to discharge from a nearby drainage culvert. VOCs were not detected in the unconsolidated 
materials bordering North Walnut Creek, indicating either that the ITS is effectively intercepting 
contaminants migrating northward from the SEP area or that the VOCs have migrated downstream. 

Radionuclides. Radionuclides detected in the alluvial ground water system in the vicinity of the 
SEPs include 241Am; 239Pu and 240Pu; 233U, 234U, 236U, and 238U; 226Ra; 137Cs; and tritium. 

Detections of total 233U and 234U, presented in Figure 3.4-2, are representative of the 
distribution of radionuclides in the ground water. As shown on this figure, elevated activities of 233U 
and 234U were detected in the immediate vicinity of the SEPs, indicating that the SEPs are the primary 
source areas for these constituents. However, the detections of radionuclides in Wells P207489 (now 
replaced by Well 05293 at the same location) and 6208089, located 250 feet south and 750 feet 
northeast of the SEPs, respectively, suggest that additional sources of radionuclides may be present 
or that transport of radionuclides has occurred. Detected radionuclide activities generally did not vary 
substantially on a seasonal basis during 1992 or 1993. 

Similar to VOCs, isolated detections of 'j3U and 234U occurred in Wells 3586 and 8208089, 
located 1,000 feet southeast and 750 feet northeast of the SEPs, respectively. Elevated activities of 
radionuclides were also detected in the ground water of the unconsolidated materials bordering North 
Walnut Creek north of the ITS. The degree of connection between this contamination and the 
radionuclide contamination adjacent to the SEPs is unknown. The presence of radionuclides adjacent 
to North Walnut Creek indicates that some ground water seepage through the ITS has occurred in 
unconsolidated materials or weathered bedrock or that contaminant migration had occurred prior to 
ITS construction. 

0 

Anions. The distributions of nitratehitrite and sulfate in the unconsolidated materials ground 
water system are shown on Figures 3.4-3 and 3.4-4, respectively. As described above, concentrations 
of these analytes detected near the SEPs were found to be statistically different than upgradient 
concentrations, suggesting that the SEPs may be a source of these compounds in the ground water. 

Detected concentrations in 1 992 of nitratehitrite and sulfate in unconsolidated materials 
ground water were similar in magnitude, ranging up to 51 0 mg/L and 360 mg/L, respectively. The EPA 
maximum contaminant levels (MCLs) for nitratehitrite and sulfate are 10 mg/L, 1 mg/L, and 250 mg/L, 
respectively. Elevated concentrations of nitratelnitrite (up to 51 0 mg/LI and sulfate (up to 350 mg/LI 
were detected north of the ITS adjacent to North Walnut Creek, suggesting that ground water 
containing elevated levels of these constituents has migrated through or beneath the ITS from the SEP 
area or preceded its construction. Elevated nitratehitrite and sulfate levels in excess of EPA MCLs 
were also detected immediately south and east of the SEPs as shown on Figures 3.4-3 and 3.4-4. The 
elevated sulfate and nitratehitrite levels in the areas of the 910 and 995 sludge drying beds may be 
related to the treatment of sanitary sewage at these locations. Typically, untreated domestic 
wastewater contains 0 mg/L of nitratehitrite and less than 50 mg/L of sulfate (Metcalf & Eddy, 1991 1. 
Preliminary results of vadose zone monitoring at the 91 0 and 995 sludge beds, however, indicate that 
concentrations of nitratehitrite in the vadose zone pore water exceed 1,000 mg/L (personal 

OU4 Phase I1 
September 1, 1094 



Rocky Flats Environmental Technology Site 
Phase II RFI/RI Work Plan for OU4 

Document No.: 
Section No: 

RF/ER-94-00040 
Section 3: Rev.0 

Page: 3-92 
Effective Date: 
Organization: Environmental Restoration Program Div. Category 

communication, Blaha) , The occurrence of these concentrations is presently not well understood, but 
these preliminary results suggest that the sludge drying beds are a potential source of ground water 
contamination. The source of the elevated sulfate level in Well 3686, located approximately 1,600 
feet east of the SEPs, is uncertain. 

Metals. Metals contamination in the unconsolidated materials ground water is consistently 
high. The metals detected in OU4 alluvial wells in 1992 were calcium, chromium, copper, lithium, 
magnesium, potassium, sodium, vanadium, and zinc. This suite of metals matches the SEPs history 
for water wastes, and the greatest concentrations of these metals occur in Upper HSU wells closest 
to the SEPs. Calcium, a particularly mobile analyte, is more widespread. Calcium is not toxic, but 
because of its mobility and association with the known contaminants, it may serve as a good indicator 
of migration pathways and directions. The concentrations of these metals range from below the upper 
tolerance limit (UTL) to 14 times greater than the UTL (calcium). The 3-year average concentration 
of every metal detected in 1992 exceeds the UTL. Additionally, molybdenum, nickel, iron, tin, and the 
inorganic parameters, cyanide, and orthophosphate were detected in unconsolidated materials ground 
water in 1993. 

Unconsolidated Materials Ground Water Summary. In addition to the detailed review of the 
1992 RCRA Report, a statistical summary of all detections of all analytes was compiled for OU4 wells 
using RCRA monitoring data from January 1990 through December 1992. This data reinforces the 
information gained from the 1992 report. The same contaminants prominent in 1992 emerge from the 
multi-year compilation, indicating both reliable analytical data and a consistent contaminant source over 
the past few years. The summary of analytes occurring above detection limits in OU4 unconsolidated 
materials ground water is shown in Table 3.4-4. 

@ 

3.4.3.2 Weathered Bedrock Ground Water. 

As described for the unconsolidated materials ground water in Section 3.4.3.1, the RCRA 
Ground Water Monitoring reports present statistical tests to assess if ground water quality differences 
in the weathered bedrock between the SEP area and upgradient locations were statistically significant. 
Analytes showing statistically significant differences included radionuclides (gross beta, gross alpha, 
tritium,226Ra, 233U, 234U, 236U, 238U), dissolved metals (aluminum, barium, calcium, lithium, magnesium, 
manganese, potassium, selenium, sodium, strontium, and vanadium), inorganic analytes (chloride, 
fluoride, nitratehitrite, sulfate, TDS, and total suspended solids (TSS)), and VOCs (TCE, chloroform, 
and 1,2-DCA). The 1992 RCRA report concludes that there is a high potential for downward vertical 
flow from unconsolidated materials into the weathered bedrock. Additionally, the statistical test results 
suggest that these analytes are sourced, at least in part, at OU4. 

Volatile Organic Compounds. The detections of VOCs in weathered bedrock ground water are 
shown in Figure 3.4-5. The VOCs detected in weathered bedrock ground water were the same as 
those present in unconsolidated materials ground water, with the exception of vinyl chloride and 1,1,1- 
TCA, which were detected in the alluvial ground water but not in weathered bedrock ground water. 
VOC concentrations in most wells tended to be highest during the first or second quarter sampling 
events, the wettest periods of the year. 
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TABLE 3.4-4 

SUMMARY OF CONTAMINANTS DETECTED IN OU4 
ALLUVIAL GROUND WATER 1990-1992 

Analyte Group 

vocs 

svocs 
PestJPCBs 

Metals 

Radionuclides 

Percentage (%) of 
Samples Containing 

Analvtes 

18%-39% 

0 

0 

16%-100% 

85%-100% 

Major Contaminant 

Carbon tetrachloride, 
trichloroethene 

0 

0 

Calcium, zinc, sodium 

u 2 3 8  

Comments 

9 VOCs - average 
concentrations above 
bench marks 

Not found 

Not found 

10 metals, all averages 
above UTL 

7 Radionuclides, 3 
average at/below UTL 

In general, the distribution of VOCs in weathered bedrock ground water was similar to the 
distribution in the alluvial ground water. However, concentrations of halogenated compounds such 
as TCE were higher in the weathered bedrock. For example, the maximum alluvial ground water TCE 
concentration (660 pglLJ occurred in Well 2286, located immediately south of SEP 207-C, while the 
4,600 pg/L concentration of TCE was detected in nearby bedrock Well P210189. Concentrations of 
these compounds may be elevated in the weathered bedrock ground water because of the 
predominantly downward vertical hydraulic gradient between the unconsolidated materials and the 
weathered bedrock (EG&G, 1993). VOCs were not detected in bedrock Well 3486, located 
approximately 1,600 feet southeast of the SEPs, even though VOCs were detected in an adjacent 
alluvial well at a maximum concentration of 847 pg/L. Well 3486 is screened in weathered bedrock 
at a depth of 44.2 to 56.3 feet, indicating that VOC ground water contamination has not migrated 
substantially below the weathered bedrock zone. The concentrations of aromatic compounds (e.!&, 
toluene, xylene) detected in weathered bedrock ground water were generally not higher than the 
concentrations in the unconsolidated materials ground water. 

In an effort to determine if the detected organic compounds exist as immiscible nonaqueous 
organic phase liquids (DNAPts or LNAPLs) in the Upper HSU of OU4, a comparison of observed 
dissolved concentrations with saturation concentrations was made. EPA guidance suggests that an 
organic compound may be present as a separate nonaqueous phase if the dissolved concentration of 
that compound exceeds 1 percent of the saturated concentration (> 1 percent of the aqueous 
solubility) of the compound. Table 3.4-5 tabulates the results of this comparison for OU4 ground 
waters. The maximum percent of saturation observed for any compound in any monitoring well was 
1 -375 percent (carbon tetrachloride in P210189 during 1992). All other values are less (ranging from 
0.46 percent to 0.000001 percent) suggesting that separate organic phases are possible, but the 
evidence is not conclusive. 

0 
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It should be noted that all samples were collected using an ordinary bailer. Volatile compounds 
may be lost when using a bailer so that the observed concentrations may be low (Le., the predicted 
likelihood of separate phases is apt to be low). Use of a discrete, bottom-filled sampling device or 
dedicated bladder pump to collect a sample from discrete points within the standing bore volume 
before purging would provide reliable information for interpretation of VOC distributions. This sampling 
methodology has been included in the FSP. 

It should also be pointed out that the organic analyte aqueous (saturated) solubilities for various 
compounds listed in Table 3.4-5 are for pure water at 25°C. However, ambient ground water 
temperatures are expected to be 10-1 5°C cooler and TDS ranges from 200 to 20000 mg/L (sea water 
is 35000 mg/L). Temperature corrections to the solubilities are solute-specific and may be either 
positive or negative making generalizations difficult. In general, however, the net change in solubility 
due to temperature corrections will be small (on the order of less than * 2x1 due to the fact that the 
solutes are liquids in the ground water temperature range. The solubility corrections for salinity (Le., 
the Setschenow or "salting out" coefficient) is also solute-specific in addition to being matrix-ion 
specific but is typically negative (i.e., organic solutes are less soluble in higher salinity waters). A s  an 
example, the solubilities of organic compounds in sea water are 10-50% of that in pure water 
(Schwarzenbach et al., 1993). Lowered organic compound solubilities would mean that the observed 
ground water concentrations of organic compounds at OU4 are somewhat more likely to be indicative 
of a third, separate, non-aqueous phase than might be predicted from solubility data (Table 3.4-5). 

Radionuclides. Radionuclides detected in weathered bedrock ground water in the vicinity of 
the SEPs are locally similar to those listed in Section 3.4.3.1 for unconsolidated materials ground 
water. The localized nature of the similarity is dependent upon preferential pathways at the site. The 
inferred distributions of radionuclides in weathered bedrock ground water are shown on Figure 3.4-6. 

U/234U were judged to be representative of the distribution of radionuclides, and therefore were 
mapped in the unconsolidated materials and bedrock systems. 

233 

Sampling data indicate that both the magnitude and extent of radionuclide contamination in 
weathered bedrock ground water are locally similar to the magnitude and extent of these compounds 
in the unconsolidated materials ground water. Areas of OU4 exhibit distinctive differences in the 
radionuclide occurrences within the hydrostratigraphic units. When different, the radionuclides are 
often at higher concentrations in the weathered bedrock ground water. Elevated radionuclide activities 
were detected in the vicinity of the SEPs and adjacent to North Walnut Creek. Activities of U233 and 
U234 were highest 100 feet north (downgradient) of the SEPs in Well 3086 (96.3 pCi/L). There was 
no significant seasonal variation associated with the radionuclides. 

The elevated levels of radionuclide activities detected north of the SEPs at the southern edge 
of the ITS suggest that the SEP-area contamination may be connected to the North Walnut Creek 
contamination. However, this cannot be confirmed with the quarterly monitoring data due to the 
absence of monitoring points within the ITS. 

Metals. Metals contamination in the weathered bedrock is consistently high. Metals 
consistently occur above detection levels in OU4 bedrock wells and include barium, cadmium, calcium, 
chromium, copper, lead, lithium, magnesium, potassium, sodium, vanadium, and zinc. These metals 
are consistent with the waste history of the SEPs, so the contamination is as expected. As with the 
metals in the alluvial system, the metals contamination in the bedrock is centered near the SEPs. A 
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significant difference between the unconsolidated materials and bedrock metals signatures is that the metals 
in bedrock consistently occur at higher concentrations, and a greater number of metals are found in the 
bedrock system. The steel vertical gradients discussed earlier in this report would explain this apparent 
migration of the metals through the alluvial system and into the bedrock waters. 

Weathered Bedrock Ground Water Summary. In addition to the detailed analysis of 1992 ground Water 
data, a statistical compliation of analyte detections was compiled using RCRA data from January 1990 through 
December 1992. The summary of analytes occuring above detection limits in OU4 bedrock ground water is 
shown in Table 3.4-6. 

The OU4 weathered bedrock ground water can be characterized as: 

Containing metal, VOC, radionuclide, and inorganic contamination; 

Metals, inorganics, and radionuclides occur in higher concentrations in weathered bedrock than 
alluvium; 

The weathered bedrock system appears to be an important pathway beneath the ITS; and 

Extent of weathered bedrock contamination is near the SEPs, east of the SEPs, and north Of the 
SEPs, and continuous to North Walnut Creek. 

3.4.3.3 Unweathered Bedrock. Ground water quality data were examined from nine wells completed in 
permeable zones within the unweathered bedrock or Lower HSU. Depths to the top of the screened intervals 
are all greater than 40 feet. These nine wells are listed below and represent the only monitoring points for the 
Lower HSU in the immediate vicinity of OU4. 

Well I.D. Screened Interval Completion Unit 

1486 39.4-55.4 sandstone and claystone 

1686 39.1 -45.1 siltstone 

2386 1 13.0-1 17.3 siltstone and claystone 

2586 59.9-82 .O siltstone and claystone 

2786 128.5-1 33.0 siltstone and claystone I II 
3286 11 4.9-1 25.5 sandstone 

3486 44.2-56.3 siltstone and claystone 

3987 110.0-1 17.1 siltstone and claystone 

P208889 87.8-96.9 claystone 

Major Ion Chemistry. A discussion of the ground water quality in the unweathered bedrock is 
presented in Section 3.3.2.5 and illustrated on Figure 3.3-21. 

Although not a major ion in the background ground water, nitrate is a major constituent of the SEP 
process wastes and characterizes Upper HSU ground waters downgradient of the SEPs. This anion is absent @ in all Lower HSU monitoring well ground waters considered here. Assuming that nitrate is 
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, 7 radionuclides, 2 84%-I 00% ~ ~ 2 4 1 ,  pu239, pu240, u233 
~ 2 3 4  ~ 2 3 8  average below UTL 

chloroform, trichloroethene 
1 %-16% Carbon tetrachloride, 9 vocs 

0 0 not found 

0 0 not found 

TABLE 3.4-6 

SUMMARY OF CONTAMINANTS DETECTED IN OU4 
WEATHERED BEDROCK GROUND WATER 1990-1 992 

Metals. Total metal concentrations in the OU4 area Lower HSU ground waters were compared to the 
99/99 Upper Tolerance Limit (UTL) values given in the 1993 Background Geochemical Report. This 
comparison is designed to identify ground water samples containing metal concentrations statistically above 
the background population. Table 3.4-7 presents the results of the comparison. Numerous metals exceed the 
99/99 UTL for the background population and are thus considered to be anomalous. Several potential 
explanations exist for the anomalous values including: 

Contamination by process wastes placed in the SEPs percolating from the surface through the 
intervening geologic material; 

Contamination from industrial activities upgradient of the SEPs entering the Lower HSU and flowing 
downgradient; 

Contamination from the Upper HSU moving downward along the well bores as a result of failed 
grout seals; and 

0 

Contamination of samples during sampling and/or analysis. 

It should be noted that the shaded values in Table 3.4-7 represent the highest observed values for each 
monitoring well and as such are frequently anomalous with respect to all other samples collected from the 
monitoring well. Some anomalous detections may simply indicate laboratory error or erratics in the analysis 
process. 

Based on the limited number of Lower HSU monitoring wells, it is difficult to identify the potential 
source of metal occurrences in the Lower HSU samples, but the available data do not suggest the SEPs as the 
source. A few additional strategically placed monitoring wells may be useful in confirming or refuting leaking 
grout seals as the source of contamination. Wells are proposed in the FSP for this purpose. 
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Thallium 

Tin 

TABLE 3.4-7 
COMPARISON OF MAXIMUM OBSERVED CONCENTRATIONS OF TOTAL METALS 

WATER IN BEDROCK 
IN BEDROCK MONITORING WELL GROUND WATER WITH SITEWIDE BACKGROUND GROUND 

6.36 U U U U U U 

130.28 U U U U 

I Zinc 222.56 59.4 56 21 6 199 107 87.5(6) I I I 

" UTL = Upper Tolerance Limit 
pg/L = Micrograms per liter. 
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Radionuclides. As discussed in the preceding section on metals, total and dissolved radionuclide 
activities in Lower HSU ground waters were compared to sitewide background activities. Tables 3.4-8 and 
3.4-9 present the results of the comparison. Fewer (relative to total metals) anomalous radionuclide values 
exist in the Lower HSU ground waters in the vicinity of OU4, and in general they are less anomalous. All the 
same possible explanations for the values exist for radionuclides as outlined for metals. Consequently, the 
same methods for further investigation are recommended. 

Volatile Organic Compounds. VOCs were detected in six monitoring wells screened in the unweathered 
bedrock, including Wells 1486, 2386, 2586, 2786, 3286, and P208889. Detected compounds (and the 
detected concentration range) included acetone (1 4-30 pg/L), methylene chloride (7-9 pg/L), benzene (0.2 
pg/L), toluene L806.0 pg/L), xylenes (0.6-23 pg/L), TCE (0.4-6 pg/L), 1,1,2-TCA (0.3 pg/Ll, 2-Butanone (4 
pg/L), and carbon disulfide (0.9 pg/L). Acetone methylene chloride, 2-butanone, and carbon disulfide are 
common laboratory contaminants, and may not be indicative of actual contamination. The highest TCE 
detection occurred upgradient of the SEPs in Well 2386. 

The detected VOC concentrations are substantially lower than the concentrations of similar compounds 
detected in alluvial and weathered bedrock ground water. Within the unweathered bedrock, VOC 
concentrations are generally highest in Well 2386. For the remaining wells, the data indicate that VOC 
concentrations do not vary significantly with respect to well location or the depth of the screened 
intervals. The fact that the VOC concentrations do not vary significantly with depth in conjunction with the 
very low levels at which they were detected may indicate that these detects are false positives. The Phase 
I RFI/RI Report did not document VOC contamination in the soils, suggesting that the SEPs are not the source 
of VOC contamination in OU4 ground water. 

3.4.3.4 Importance of Colloid-Facilitated Transport of Radionuclides. 

Natural and/or anthropogenic colloid-sized particles are virtually ubiquitous in ground water systems 
and constitute all suspended material in the size range of approximately 1 micrometer (pm) to  1 nanometer 
(nm). Compositionally, colloids may consist of a wide variety of minerals, especially but not exclusively, 
phyllosilicates and amorphous oxides and oxyhydroxides of iron and aluminum, non-mineral inorganic 
precipitates from industrial processes, living and dead microorganisms and natural and industrial organic 
macromolecules. Sources of colloids include inorganic and organic components of recharge-zone soil profiles, 
the aquifer material itself, and waste streams which recharge the aquifer. Additionally, colloids may be formed 
and stabilized in situ by mixing of ambient ground waters and industrial process waters and/or by induced rock- 
water interactions resulting from the introduction of industrial process waters. 

The relevance of ground water colloids to the OU4 subsurface environment is that numerous 
researchers have determined that radionuclides and some metals have strong adsorptive affinities for 
suspended colloidal-sized particles (Penrose et al., 1990; Deerlove et al., 1991; Kim et al., 1992). 
Consequently, in such cases, the concentrations of those radionuclides and metals in ground water are 
unrelated to  solubility, and macroscopic sorption isotherm parameters (e.g, Kd values) as determined in non- 
colloid-populated waters are irrelevant. Radionuclides and metals associated with colloids move with the 
colloids, and abundant data exist to prove that the mobility of colloids in porous media is very different from 
that of true solutes (McCarthy and Zachara, 1989; Puls and Powell, 1992; Puls and Barcelona, 1989). 
Specifically, colloids generally have significantly higher mobilities than even "conservative" solute tracers ( e a ,  
CI or Br), especially where flow is controlled by fracture porosity (McKay et al., 1993). 

Preliminary work has been conducted at the RFETS to quantify the importance of colloid-facilitated 
transport of plutonium and americium (Harnish et al., 1993). Ground waters in monitoring well 1587 (located 
just east of the 903 Pad) were found to contain small concentrations (1 mg/L) of colloid-sized particles. 
Despite this small concentration of particles, an estimated 65 percent of the total plutonium was found to  be 
attached to those colloids. Although the study was preliminary, it confirms the relevance of further study at 
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OU4. In particular, the anomalous ground water chemistry at OU4 (due to the effects of the SEP water 
leakage) may have dramatic effects on the colloid population. 

Methodology to evaluate the degree to which colloids control the total concentrations of contaminants 
in the aqueous ground water phase and the extent to which they affect the lateral and vertical mobility of 
contaminants at OU4 is proposed in the FSP. 

3.4.3.5 Summary of Ground Water Impacts. 

Contaminants detected in unconsolidated materials and weathered bedrock ground water at the SEPs 
during 1 992 quarterly monitoring included VOCs; radionuclides; inorganic constituents such as TDS, fluoride, 
sulfate, nitratehitrite, and bicarbonate; and metals. Some of these analytes may not be sourced at the SEPs. 
Analysis of the weathered bedrock data set suggests that the SEPs may be the source of most radionuclides, 
and selected dissolved metals and other inorganic constituents, while the concentrations of the remaining 
detected constituents are statistically similar to upgradient ground water concentrations. The Phase I RFI/RI 
report documents little VOC contamination in the soils, which suggests that the SEPs are not the source of 
VOC contamination in O U 4  ground water. The differentiation of OU4-sourced contamination from upgradient 
ground water contamination sources is an objective of the Phase II field investigation. 

The majority of VOC ground water contamination was detected in the immediate vicinity of the SEPs 
and in a single well located approximately 1,000 feet southeast of the SEPs. The upgradient (western) extent 
of VOC ground water contamination in the vicinity of the SEPs is unknown due to a lack of monitoring wells. 
Radionuclide, sulfate, and nitratehitrite concentrations were elevated beneath and near the SEPs and adjacent @ to North Walnut Creek north of the ITS. The degree of connection between contamination beneath and near 
the SEPs and contamination bordering North Walnut Creek cannot be discerned due to the lack of ground water 
monitoring stations between these two areas. The unconsolidated materials are unsaturated over much of this 
area. Results of the Phase I RFI/RI show that there are areas of saturated unconsolidated materials in bedrock 
channels within the ITS area. The FSP addresses the possibility of contaminant transport in the unconsolidated 
materials beneath the ITS. 

3.4.4 Surface Water Quality 

The surface water sampling network is divided into groups based on location. Surface water quality 
has been impacted in the SEP area, North Walnut Creek, and South Walnut Creek by operations at RFETS. 
Figures 3.4-7, 3.4-8, 3.4-9, and 3.4-1 0 show the concentrations/activities of nitrate, TCE, uranium, and 
plutonium in the SEP, North Walnut Creek, and South Walnut Creek surface water sampling areas, respectively. 
Tables 3.4-1 0 through 3.4-1 5 give summary statistics for selected analytes in the SEP, North Walnut Creek, 
and South Walnut Creek surface water sampling areas. The only organic compounds which are analyzed under 
the sitewide surface water monitoring program are TCE, carbon tetrachloride, and toluene. The concentrations 
of TCE shown in Figure 3.4-8 are similar to those of carbon tetrachloride and toluene in surface water at 
RFETS. 

The summary statistics comparing background concentrations to the surface water sampling area 
concentrations revealed that most metals and radionuclides exceeded background (Table 3.4-1 0). In North 
Walnut Creek, the analyses exceeding background were gross alpha, gross beta, plutonium-239 and -240, 
tritium, all uranium analytes, and nitratehitrite (Table 3.4-1 4). 

Results from the 1 990 Surface Water and Sediment Geochemical Characterization Report indicate that 
zinc, 241Am, gross alpha, gross beta, 23s/240Pu, tritium, uranium, nitratehitrite, and mercury 
concentrations/activities for the SEP area are significantly different than background concentrations. The 1 992 0 RCRA Ground Water Monitoring Report shows that some organic contaminants were detected in ground water 
near the SEPs. However, concentrations of all analyzed organics generally are low in the SEP area surface 
water. 
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The SEP sampling locations are sited in leaking abandoned sumps, french drain portals, seeps, 
and drainage culverts. Because the constituent concentrations/activities of the surface water in the 
SEPs area are high, the surface waters in this area could be considered a source of contamination to 
downgradient areas. However, the ITS was designed to collect surface water as well as ground water. 

Examination of the water quality data within the SEPs area suggests that radionuclides may be 
entering OU4 via storm water and footing drain runoff from Buildings 771 and 774 collected in 
Bowman’s Pond. No other surface water monitoring stations are located upgradient of the SEP area. 
Additional surface water monitoring stations are needed to characterize the influx of contaminants via 
surface water from the upgradient industrial areas and are proposed in the Phase I1 RFI/RI FSP. 

North Walnut Creek concentrations/activities for gross alpha, gross beta, 23s/240Pu, tritium, 
uranium, and nitratehitrite are significantly different than background levels. Concentrations of all 
analyzed organics are low in the North Walnut Creek surface water. The 1990 Surface Water and 
Sediment Geochemical Characterization Report suggests the low radionuclide activities downgradient 
of the SEPs (SW092 and SW093) indicate that radionuclide contamination of North Walnut Creek from 
the SEPs is not occurring. However, high nitratehitrite levels in North Walnut Creek suggest that the 
SEPs are responsible for some of the contamination in North Walnut Creek. Variance in radionuclide 
occurrence could be, in part, due to colloidal transport of radionuclides. Additional ground and surface 
water data are needed to fully characterize the impact of the SEPs on North Walnut Creek. 

South Walnut Creek concentrations/activities for zinc, 241Am, gross alpha, gross beta, uranium 
isotopes, and nitritehitrate are also significantly different than background levels. Concentrations of 
carbon tetrachloride and TCE are higher in South Walnut Creek than in the SEP area. It is not clear if 
the SEPs have affected South Walnut Creek water quality because South Walnut Creek also receives 
water from other industrial areas to the south of the SEPs. 

Only surface water quality data are available for the greater OU4 area. No flow rates or volume 
estimates are available for the surface water and stormwater runoff in OU4. Characterization of 
surface and stormwater is planned as part of the Phase I1 investigations and is outlined in the FSP. 

3.4.5 Air Quality 

Data from all radiological ambient air monitoring program (RAAMP) samplers were reviewed. 
RAAMP data collected in the SEP vicinity indicate that plutonium concentrations are generally low and 
do not pose a significant health threat to workers in the area. Additionally, no trends or higher levels 
of plutonium were found at other air sampling sites. Table 3.4-1 6 identifies plutonium concentrations 
at two RAAMP High Volume (Hi-Vol) air samplers located in OU4. 

Contrasting concentrations between the two samplers illustrate the rapid drop-off in values with 
distance from the SEPs. 

Similar findings have been reported regarding worker exposure measurement of organics and 
metals. DOE reported that no exceedance of occupational exposure limits was detected and that most 
measurements of worker exposure concentrations were less than analytical detection limits. 

OU4 Phass II 
September 1, 1 SS4 



Rocky Flats Environmental Technology Site Document No. : RF/ER-94-00040 

3-1 19 
Section No: Section 3: Rev.0 
Page: 
Effective Date: @ Category Organization: Environmental Restoration Program Div. 

Phase II RFI/RI Work Plan for OU4 

Sampler 

SS 25 

ss 4 

TABLE 3.4-16 

239Pu AIR SAMPLER CONCENTRATIONS AND ASSOCIATED DOSES IN OU4 

Ave. 23sPu Max. 23sPu Ave. Dose Comment 
pCi/m3" pCi/m3 ED Ebl-m r e m /y r 

1.6 x 10-4 7.7 x 10-4 1.4 x 10-3 Located between 207-C 

7.0 x lo-' 1.5 x 6.2 x 10'' Located in the Buffer 

and 207-8 

Zone North of SEPs 

3.5 Site Conceptual Model 

This section develops the site conceptual model based on the site physical characteristics and 
known nature of contamination discussed in Sections 3.2, 3.3, and 3.4. The site conceptual model is 
intended to describe the known and suspected sources of contamination, types of contamination, 
release mechanisms, contaminant migration pathways, and environmental receptors and exposure 
routes. Each of these variables has been addressed in detail in the previous sections; the site 
conceptual model integrates the variables, providing an understanding of the interactions and 
interdependencies of all the media, contaminants, and pathways at OU4. The site conceptual model 
is used to assist in identifying sampling needs to obtain information for evaluating environmental and 
human risks and identifying potential remedial alternatives. The site conceptual model in this work plan 
varies slightly from previous OU4 site specific conceptual models because it incorporates previous work 
including the Phase I RFI/RI. 

Figure 3.5-1 shows the elements of a general site conceptual model. These elements are 
discussed below and are depicted on Figure 3.5-2. 

3.5.1 Sources of Contamination 

The primary source of contamination at the SEPs is the residual pond materials (liquids, 
sediments, sludges, soils) in SEPs 207-8 and 207C and beneath all five SEPs. Secondary sources Of 
contamination include: 

Surface and ground water migrating into OU4 from the upgradient industrial area; 

Leachate seeping from the SEPs; 

Vadose zone pore water. 

. Surficial and vadose zone soils 

OU4 Phase II 
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3.5.2 Types of Contamination 

The current understanding of the types of contamination at OU4 has evolved primarily from the 
Phase I RFI/RI and the RCRA Ground Water Monitoring Program. Surficial and vadose zone soils at OU4 
contain elevated concentrations of metals, radionuclides, and SVOCs. Significantly elevated levels of 
nitratehitrite have been delineated in both surficial and vadose zone soils. Bedrock analytical results 
for the most part are consistent with the constituents found in the vadose zone soils. Concentrations 
of contaminants vary with depth. 

Surface waters in the immediate SEP area contain zinc, mercury, radionuclides, and 
nitratehitrite. The North Walnut Creek drainage contains elevated radionuclide and nitratehitrite 
levels, while the South Walnut Creek drainage contains occurrences of zinc, radionuclides, and 
nitratehitrite. 

The unconsolidated materials and bedrock ground water systems at the site indicate 
contamination consistent with that described for the soils. Elevated levels of VOCs are detected in the 
area south (upgradient) of SEP 207-C. Isolated occurrences of VOCs have been reported in wells at 
other locations in OU4. Radionuclides are found in both unconsolidated materials and bedrock ground 
water in the wells close to the SEPs. Nitratehitrite is reported in wells south and east of the SEPs, as 
well as north of the ITS. Metals are found in both unconsolidated materials and bedrock ground water, 
with highest concentrations reported near the SEPs. 

3.5.3 Release Mechanisms 

The Drimarv mechanism for release of contaminants from the SEPs into the affected media is m 
infiltration and percolation of water through the residual pond materials and into the adjacent media. 
Ground water from upgradient sources could also come in contact with the SEP contamination. 
Ground water exiting the SEP area could then distribute contamination vertically downgradient and 
laterally downgradient. The proposed IMARA action presented in Section I of the IM/IRA Decision 
Document would effectively remove the primary release mechanism at OU4. Covering the SEPs, as 
now designed, will minimize, if not entirely eliminate, infiltration and percolation through the pond 
waste materials. 

3.5.4 Contaminant Migration Pathways 

The primary migration pathways related to the primary release mechanism described above are 
unconsolidated materials and bedrock ground water flow. These pathways are delineated with arrows 
in Figure 3.5.2, the site conceptual model. The primary exposure pathways to a receptor are then 
either by seepage of ground water to the surface or by water supply wells tapping the affected ground 
water. 

3.5.5 Environmental Receptors and Exposure Routes 

Receptors are the populations exposed to contaminants at potential points of contact with a 
contaminated medium. Human receptors include primarily plant workers, and secondarily residents 
living near RFETS, who may be exposed to contaminated ground water or surface water. There are 
three potential exposure routes to a receptor: ingestion, inhalation, and dermal contact. 

The baseline risk assessment (Section 7.0) is based upon the elements of the site conceptual 
model described above. Figure 3.5-2 depicts these elements, including sources of contamination, 
mechanisms of contaminant release, potential contaminant migration pathways, and receptors. The 
model as pictured is based on an evaluation of existing data. A s  the Phase II field investigations 0 
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progress, it is anticipated that specific portions of the model can be refined, particularly the ground 
water contaminants, migration mechanisms, and alluvial/bedrock interactions. 

3.6 Summary of Existing Data 

Section 4.0 of this work plan, the Data Quality Objectives, identifies the data uses and data 
users to determine the quality and quantity of data required to support the objectives of the RFI/RI 
process. As a Phase II RFI/RI, a preliminary step of the DO0 process for OU4 is to evaluate the 
available data. This section, 3.0, presents the documentation of that evaluation. 

In accordance with the IAG, the Phase II RFI/RI objective is to delineate nature and extent of 
contamination and evaluate the fate and transport of contaminants. By evaluating available data from 
previous OU4 and sitewide investigations, it has been possible to present a reasonable, technically 
sound site conceptual model for OU4. This evaluation has also revealed several areas of uncertainty 
which require investigation before final remediation decisions can be made. The areas of uncertainty 
involve the ground water systems, as expected, because the Phase I investigations focused on 
characterization of soils and sources. Table 3.6-1 summarizes existing data and data necessary to 
fulfill EPA's and CDH's RFI/RI goals. 

. Nature of soils at OU4 and types of soil contamination; 

. Characterization of vadose zone pore liquids; 

0 Delineation of sources of contamination; 

General understanding of the ground water hydrology and contamination; and 

General characterization of secondary systems at OU4 (i.e., air, surface water, 
upgradient contributors). 

Specific knowledge required to complete the RFI/RI decision process, which have emerged as 
knowledge gaps from this data evaluation, include; 

Define contribution to contaminant stream from upgradient, industrial area; 

Characterize ground water system at OU4 including water balance, rates of migration, 
preferred pathways, and ground water mounding; occurrence of DNAPLs; and 
importance of colloidal transport of radionuclides; and 

Delineate contaminants in ground water systems, specifically levels of contamination, 
areal extent of contamination, and specific contaminants. 

This specific knowledge necessary to complete OU4 characterization is the focus of the next two 
sections of this work plan: development of Data Quality Objectives (Section 4.0) and design of the 
Field Sampling Plan (Section 5.0). 
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SECTION 4 DATA QUALITY OBJECTIVES 

The primary objective of an RFI/RI is collection of data necessary to determine nature, 
distribution, and migration pathways of contaminants and to quantify any risks to human health and 
the environment. These assessments determine the need for remediation and are used to evaluate 

.remedial alternatives. The five general goals of an RFI/RI, as delineated in EPA guidance (EPA,1988) 
are: 

Characterize site physical features, 

0 Define contaminant sources, 

0 Determine the nature and extent of contamination, 

Describe contaminant fate and transport, and 

Establish Applicable or Relevant and Appropriate Requirements (ARARs) to support risk 
assessment. 

However, in accordance with the IAG, the RFI/RI for OU4 has been divided into two phases. 
Phase I of the RFI/RI addressed characterization of the site soils and definition of contaminant sources. 
Phase I1 addresses the nature and extent of contamination and fate and transport of contaminants at 
OU4. 

' 

4.1 Data Quality Objective Process 

DQOs are qualitative and quantitative statements that specify the quality and quantity of data 
required to support the objectives of the RFI/RI (EPA, 1987). The DO0  process is divided into three 
stages: 

Identify decision types, 

Identify data usesheeds, and 

Design a data collection program. 

Through application of the DO0  process, site-specific goals were established for this Phase II 
RFI/RI and data needs were identified for achieving these goals. This section of the work Plan 
documents the DO0  process as it was applied to the OU4 Phase II RFI/RI. 

Since the initial writing of this work plan, a new EPA guidance document, Data Quality 
Objectives Process for Superfund (EPA, 1993), has become publicly available in an interim final edition. 
This new EPA guidance document does not contradict the earlier EPA guidance document, but rather 
provides further details. Because the stated EPA objective of the DO0 process (to collect data Of 

appropriate quality for environmental decisions while minimizing expenditures related to data collection 
by eliminating unnecessary duplication or unnecessarily detailed data) is achieved through 
implementation of either guidance, this DO0 section was not rewritten. Rather, the more recent 
guidance has been identified and integrated into the methods of the earlier guidance in this text. 

0 
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4.1.1 identification of Data Users and Decision Types 

Data users are divided into three types: decision makers, primary data users, and secondary 
data users. The decision makers for OU4 are personnel from EG&G, DOE, CDH, and EPA who are 
responsible for decisions related to management, regulation, investigation, and remediation at OU4. 
The decision makers are involved through the review and approval process specified in the IAG. The 
IAG also includes the public and site stakeholders in the review and approval (decision-making) 
process. Primary data users are the technical staff of the groups specified above, including scientists, 
health and safety personnel, and engineers. Secondary users are those who rely on RFI/RI outputs to 
support their activities. This group would include personnel such as report authors, laboratory staff, 
other OUs, personnel involved in CMS/FS technology evaluation, and records managers. 

The types of decisions the decision makers are responsible for include regulatory/ permitting, 
site management, health and safety, site investigation, and site remediation decisions. The primary 
data users make scientific decisions and decide how to complete their work based on the available 
data, and the secondary users make interpretive decisions and project support decisions from the data. 

A t  the RFETS, the stakeholders include: 

Rocky Flats Local Impacts Initiative, 

Rocky Mountain Peace Center, 

Technical Review. Group, 

Citizens Advisory Board, 

Environmental Information Network, and 

Interested individuals from the Public. 

4.1.2 Identification of Data Uses 

The data acquired in the Phase I1 RFI/RI will be used to achieve the five goals of an RFI/RI as 
defined by EPA (1988). These goals are listed in Section 4.0. Beyond these general goals of site 
characterization and contaminant delineation, the data generated in the RFI/RI process for OU4 will be 
used to determine remediation requirements and alternatives. 

Identifying data use requires describing the problem and the required decisions. For the OU4 
Phase I I  work plan, the problem is to determine if any response action is required to prevent impacts 
to human health and the environment from potentially contaminated ground water and surface water. 
The required decision determines if concentrations of PCOCs in ground water and surface water are 
above or below PRGs including chemical-specific ARARs. If PCOC concentrations are below PRGS, no 
remedial action will required. If PCOC concentrations are above PRGs, collection and treatment of 
water may be necessary. Appendix C presents the Preliminary Chemical-Specific Benchmark Tables, 
a precursor to identify potential PRGs-for OU4, COCs, and were used to establish DQOs for field 
studies. a 
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4.1.3 OU4 Phase II Objectives 

Eight specific objectives have been identified for the Phase II RFI/RI program. The OU4 Phase 
II RFI/RI objectives are listed below with the rationale for their inclusion. These objectives fulfill the 
requirements of the 1993 EPA guidance, which is to identify the inputs to the decision. 

Characterize the surface, unconsolidated materials, alluvial and bedrock hydrologic systems. 
and their interactions. The OU4 contamination sources are located in surficial and 
subsurface soils or ground water. A thorough understanding of the hydrologic systems and 
how they interact is the foundation for understanding contaminant migration. 

Delineate the contribution to OU4 from upgradient sources. Several of the contaminants 
currently found at OU4 are not sourced from the SEPs. Removing the OU4 sources will not 
resolve these contamination problems, so the delineation of the OU4 contaminants from 
those migrating into OU4 must be determined. 

Characterize contamination in OU4 surface and ground water systems. The specific 
contaminants and their concentrations must be defined to support remediation decisions 
associated with CMS/FS and IM/IRA efforts. 

0 Delineate the extent of ground water contamination. The vertical and horizontal extent of 
contamination must be outlined as clearly as  possible to support the remediation decisions 
of the CMS/FS. The presence or absence of contamination in the seeps at OU4 is also a 
focus of this objective. 

Evaluate mobility characteristics in OU4 media. The ground water contamination can only 
be understood based upon comprehensive knowledge of the chemical, hydraulic, and 
physical characteristics of OU4. To achieve this objective, the RFI/RI will focus on 
constituent mobility parameters for each media affecting the ground water pathways. This 
focus will include such parameters as TOC, CEC, and grain size distributions in soils 
(available from Phase I work), a water balance of the site, and ground water chemistry, 
including both contaminants and major ions. 

Evaluate the ITS Effectiveness. The effectiveness of the ITS is critical to an understanding 
of the current OU4 site hydraulic conditions and effectiveness of ground and surface water 
capture. The evaluation of the ITS effectiveness will also support the CMS/FS process of 
evaluating remedial technologies. 

Support a baseline risk assessment. The information generated in this effort will be used 
in the risk assessment to evaluate the potential risks associated with the ground water, 
surface water, and air dispersion. The risk assessment methodology is presented in Section 
7.0 of this work plan. Preliminary chemical-specific benchmark tables are presented as 
Appendix C. These tables were used to establish DQOs for field investigations. 

0 Evaluate the Bowman's Pond Water System. Bowman's Pond is an area upgradient of OU4 
whose role in the OU4 hydrologic system has not been thoroughly investigated. An 
investigation of the pond will add to the understanding of OU4. 

OU4 M.se It 
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4.2 Quality of Existing Data and Applicability to Phase II Objectives 

Data collected during previous investigations have been useful in developing the DQOs for 
Phase I I .  Previous data collection activities focused on source and soil characterizations and sitewide 
ground water studies. The existing data, abng with the OU4 site conceptual model, were summarized 
in Section 3.0 of this document. This section presents the quality and applicability of the existing data 
to the Phase II objectives. The existing data and the IAG have been used to achieve Step 4 of the 
1993 EPA guidance, which is to define the boundaries of the study. The geographic area to be studied 
complies with the IAG definition of OU4. The temporal boundary is that all data prior to 1990 have 
been used qualitatively only. In 1 990, the General Radiological and Routine Analytical Protocols 
(GRRASP) and the SOPs were implemented at RFETS, providing data and sample quality guidelines. 

4.2.1 Existing Data Quality 

The primary data sources supporting development of the Phase II work plan have been the data 
from the OU4 Phase I RFI/RI and the RCRA Ground Water Monitoring Reports from 1990 through 
1993. Each of these projects conducted field investigations and data collection in compliance with 
the agency-approved SOPs, project-specific work plans, and established Quality Assurance/Quality 
Control (QA/QC) protocols. All laboratory analyses for these two projects followed methodology in 
accordance with the agency-approved GRRASP to achieve EPA Level IV data requirements. The Only 
exception was in the Phase I program, where nitrates often exceeded holding times. Radionuclide 
analysis achieves EPA Level V requirements under the GRRASP. Both programs were conducted in 
accordance with a program-specific Quality Assurance Addendum (QAA), which specifies PARCC goals 
for the work. Both field programs were routinely audited for compliance with SOPs, work plans, QAAs, 
and the GRRASP. 

4.2.2 Comparison of Existing Data and Phase II Objectives 

As delineated in Section 4.1.3, the objectives of the OU4 Phase II RFI/RI include 
characterization of the surface and ground water system, identification of upgradient sources, 
contaminant characterization, delineation of extent of contamination, evaluation of contaminant 
mobility, ITS effectiveness evaluation, risk assessment, and evaluation of the Bowman's Pond water 
system. The Phase I RFI/RI field program focused on investigation of OU4 soils and contamination 
sources. The applicability of this information to achievement of the Phase II objectives is limited 
because the Phase I work only provides incidental ground water information. The soils characteristics 
data, lithology, geologic maps and cross-sections, and vadose zone characterization data from Phase 
I are all useful in defining the characteristics of the ground water systems and were necessary for 
development of this work plan. Additional knowledge of the ground water systems, the ground water 
chemistry, and aquifer characteristics must be acquired before the Phase ll objectives can be achieved. 

The RCRA Ground Water Monitoring Reports provided much of the detailed ground water data 
necessary to develop this work plan. Additional monitoring wells are proposed to be installed to further 
characterize the OU4 area, to define the extent of contamination, concentrations of contaminants, and 
to define the upgradient ground water flow and contamination. Section 5.0 provides a description for 
these proposed additional monitoring wells. 

The effectiveness of the ITS system cannot be adequately resolved using existing data. In 
addition, the impact of Bowman's Pond cannot be adequately addressed with existing data. All 0 
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available information on the ITS is presented in Section 3.3.3 and Appendix A. Section 2.2.4 and 
Appendix B present the Bowman's Pond knowledge. This Phase II objective is further addressed in the 
FSP (Section 5.01. 

4.3 Data Quality Parameters 

An important aspect in the development of a work plan is identification of the data quality level 
necessary to support the decisions made from RFI/RI data. The eight objectives discussed in Section 
4.1 were identified to support the traditional RFI/RI decisions leading to an analysis of the need for 
remediation. The IAG also states that the draft Phase II RFVRI shall be used by the State to evaluate 
the need for conducting further field work (IAG, 1991). This section sets forth the data quality 
requirements for the OU4 Phase II investigation to support these decisions and identifies the 
parameters by which the requirements will be administered. 

4.3.1 Field Activities 

It is anticipated that implementation of the FSP will include traditional ground water 
investigation activities such as: monitoring well installation, ground water sampling, water elevation 
data collection, aquifer testing, and core logging. In addition, surface water will be monitored for flow 
and water quality, and sediments in Bowman's Pond will be sampled'. These activities require 
procedures to ensure that they are performed according to plan and with consistency so that overall 
quality (including comparability, repeatability, and representativeness) is maintained. To achieve the 
overall quality goal of a properly conducted and defensible field investigation, approved procedures will 
be used for substantive field operations. SOPs found in the EG&G-EMD field operations (FO), ground 
water (GW), geotechnical (GT), surface water (SW), ecology (EE), and air (AP) operating procedures 
will be specified for most of the activities identified in the FSP. Field activities for which an SOP does 
not exist are identified in Section 9.0 of this work plan. Procedures (SOPS) will be developed for those 
activities not currently addressed by SOPs. 

e 

4.3.2 Analytical Procedures 

It is also expected that implementation of the OU4 Phase I I  investigation will entail substantial 
chemical and radiological analyses. Analytical data quality requirements will be achieved by meeting 
the identified Analytical Level (I through V) for the specified analysis. In general, this will be ensured 
administratively by specifying analytical methods from the GRRASP' . The exact analytes, analytical 
methods, and detection limits are presented in Section 5.0, the FSP. 

Below is an overview of the cited EPA analytical levels. 

Level I - Field screening or analysis using portable instruments (example: real-time VOC 
.. instruments). 

' Similar to EPA's Contract Laboratory Program (CLP), analytical programs administered through the EG&G 
@ETS GRRASP, to ensure that standard analysis procedures, QNQC requirements, and reporting conventions are 
achieved through contract with qualified laboratories, The GRRASP contract and related validation protocols were 
patterned after EPA's CLP through EGgLG's Sample Management Office (SMO). 
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Level I I  - Field analysis using more sophisticated analytical instruments (example: ion- 
specific electrodes). 

Level Ill - Analysis performed in a laboratory setting using recognized protocols with 
established precision, accuracy, and related quality control conventions 
(example: mobile laboratory GC-FID analysis of organics; some routine 
analytical protocols are by nature level Ill [e.g., common water ion chemistry]). 

Level IV - Contract Laboratory Program (CLPI-type routine analytical services IRAS) using 
validated protocols and characterized by rigorous QA/QC protocols and 
documentation (example: analysis of organics in water using EPA Method 624 
from the RFETS GRRASP). 

Level V - Analysis by non-standard methods requiring special analytical service (SASI 
protocols and often characterized by rigorous QA/QC protocols and 
documentation comparable to Level IV (example: most radiochemical analyses 
obtained under the RFETS GRRASP are considered Level VI. 

BY convention, virtuallv all field measurements will be Level I or II, while most laboratory 
analyses will be Level IV or V. Adherence to approved SOPS will normally ensure Level I and II quality 
levels for field measurements. e 
4.3.3 Review of PARCC Parameter Information 

PARCC parameters are widely cited by EPA as indicators of data quality. Precision, accuracy, 
and completeness for the OU4 Phase II program are established administratively according to the 
analyses and analytical methods specified (see discussion in Section 4.3.2 regarding the GRRASP CLP). 
PARCC goals are specified in the QAA discussed in Section 8.0. 

The analytical program requirements for the OU4 Phase I I  RFI/RI stem from the identification 
of DQOs and the resulting FSP (Sections 4.5 and 5.0, respectively). The GRRASP provides a list of 
individual analytes obtained from each method and detection/quantitation limits for the Target 
Compound List (TCL) VOCs, SVOCs, radionuclides, TCL metals, pesticides, and PCBs, and numerous 
inorganic parametersZ. The GRRASP was used to develop a table of analytical methods, presented 
in Section 5.0. In general, several methods are available within the GRRASP which address similar 
analytical suites (e.g., VOC analysis can be obtained through one of several specified methods). 

GRRASP analytical methods have historically been employed under IAG RFI/RI investigations 
at RFETS and are appropriate for meeting the data quality requirements for the OU4 Phase II 
investigation. The precision, accuracy, and completeness parameters for analytical Levels Ill through 
V are discussed below, along with the completeness and representativeness for all levels. 

Precision measures the reproducibility of measurements under a given set of conditions. 
Comparison of duplicates, field blanks, and results samples is an example of a simple measurement of 
precision. 

Methods contained in the GRRASP are largely standard EPA-CLP protocols (e.g., SW 846, EPA 60U602, etc.). 2 
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Accuracy measures the bias or source of error in a group of measurements. Analytical 
precision and accuracy objectives will be evaluated according to the control limits referenced in the 
specified analytical method and/or validation guidelines. For radionuclide analyses, the accuracy 
objectives specified within the GRRASP will be followed. Precision and accuracy for non-analytical 
data (e.g., core logging and water sampling) will be achieved through adherence to approved SOPS. 

Representativeness expresses the degree to which sample data accurately and precisely 
represent the actual characteristics or conditions of the study area. A qualitative parameter, 
representativeness relates to the design of the sampling and analysis components of the investigative 
program. The FSP described in Section 5 and referenced SOPs describe the rationale for the sampling 
program. In some instances, the rationale will be to obtain information representative of a given spatial 
domain. However, as is often the case with ground water investigations, certain sampling (e.g., well 
placements) is intentionally biased to obtain specific information such as maximum contaminant levels. 
In either case, a judgement of representativeness with respect to the intended data collection rationale 
will be made. 

Completeness is the percentage of measurements made that are judged to be valid and 
acceptable for their intended use. The target completeness objective for the OU4 Phase II investigation 
is 100 percent. Deviations from this objective, and thus the need to obtain additional data, will be 
judged on a case-by-case basis in light of the entire set of data and information available and applicable 
for the expressed use. a 

Comparability is a qualitative parameter expressing the confidence with which one data set can 
be compared to another. Comparability will be important for the OU4 Phase I I  investigation because 
much of the existing ground water quality analytical data comes from the historical RCRA monitoring 
activities (obtained using approved SOPs and GRRASP analytical protocols). In order to achieve 
comparability on an analytical level as well as physical comparability (e.g., hydrologic interpretations), 
standard methods from the GRRASP will be used and SOPs will be followed. The data produced in this 
investigation will not be comparable to the pre-1990 data, which was developed prior to 
implementation of quality controls such as the GRRASP and the SOPs. 

4.4 identification of Phase II Data Quality Objectives 

According to EPA guidance, data needs should be based on how the data will be used by 
decision makers (EPA, 1987). This section identifies data uses in Section 4.4.1 and then specifies 
Phase I I ,  OU4-specific data needs in Section 4.4.2. OU4-specific data needs, presented in Table 4.4-1, 
form the basis of the FSP presented in Section 5.0. 

4.4.1 Data Uses 

EPA guidance categorizes data uses according to general purpose. That guidance was used 
to develop data needs which are tailored to OU4 Phase I I  objectives. These data needs emphasize the 
specific requirements of a ground water investigation. Based on a review of the existing information, 
including preliminary Phase 1 and historical RCRA ground water data, the following major data use 
cateogirzations have been identified: 
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Site characterization. Additional data are required to establish hydrologic control, describe 
aquifer flow characteristics, evaluate mass balance relationships, distinguish contamination 
patterns between upper and lower systems, and explain contaminant migration observations. 

Evaluation and design of alternatives. Information developed to support site characterization 
also can be used to identify and evaluate remedial action alternatives (e.g., ITS operating 
characteristics, ground water flow and contaminant transport, and contaminant retardation 
features). 

Determine influence of sources other than OU4. Additional information is necessary to evaluate 
the possibility of local ground water being impacted by contaminants sourced outside the 
boundaries of OU4. 

Data developed to meet the major use categorizations identified above will also support other uses 
including health and safety evaluations, a baseline risk assessment, and engineering design. 

The final steps of EPA's 1993 DO0 guidance suggest development of a decision rule, 
specification of decision limits, and optimization of the design. The decision rule and limits on the 
decision have been agreed upon between the three parties to the IAG for all OUs. The agreement is 
that the contaminants of interest (the PCOCs) will be identified using methodology commonly called 
the modified "Gilbert Method." The final step, optimizing the design, is achieved by designing the FSP 
with the final objectives in mind. This work plan has been optimized with a focus on the DQOs stated 
above. 

0 
4.4.2 Phase I I  Data Needs 

Table 4.4-1 summarizes the data quality objectives arising from: the identification of Phase 11, 
OU4-specific objectives (Section 4.1 ), an assessment of existing data (Section 4.21, consideration of 
data quality parameters (Section 4.3), and categorization of major data uses (Section 4.4.1 1. 

4.5 DO0 Process Summary 

DQOs appropriate for the OU4 Phase II investigation have been identified in this section 
following general EPA guidance. 

Stage I involved identifying decisions relying upon information developed from this investigation. 
The major decision is evaluating the need for remediation. Subsequently, to support this decision, 
eight general study objectives, consistent with traditional ground water investigation strategies, have 
been identified. The eight objectives stem in part from a detailed assessment of existing data and 
resulting development of a preliminary site conceptual ground water model. 

Stage II of the DO0 process was performed using input from data users involved in development 
of the Stage I effort. Data types were identified consistent with their intended uses. Data quality 
issues were addressed and the governing administrative quality control measures (notably GRRASP and 
use of approved SOPs) were specified. PARCC parameter information was reviewed and administrative 
means for ensuring quality assurance were again identified. Analytical levels, administrative controls, 
and the application of procedural control through SOPs have been identified as keys to achieving 
sufficient data quality. 
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Stage Ill of the DO0  process emerges in the development of the actual field sampling and analysis 
program which is presented in Section 5.0. 
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SECTION 5 FIELD SAMPLING PLAN 

This section presents the Field Sampling Plan (FSP) for the OU4 Phase II RFI/RI. The FSP is 
designed to be a progressive, observational approach for the acquisition of data of sufficient quality 
to satisfy the RFI/RI objectives described in Section 5.1. The FSP is designed to be flexible and allows 
for the acquisition and "real-time" analysis of data to guide subsequent field activities. "Real-time" 
analysis indicates that decisions will be made while data is being collected in order to direct data 
acquisition in the most effective and efficient manner. Existing data, the on-going RCRA ground water 
monitoring program, rapid field-screening assessment techniques, and the placement and sampling of 
additional monitoring wells will be integrated to achieve the Phase II RFI/RI objectives. Prior to 
installing the new monitoring wells, Technical Memorandum No.5 (TM51 will be prepared to report the 
findings of the investigation to that point and to modify the Work Plan as needed, including the 
locations of the monitoring wells to be installed. 

The objectives for the Phase II RFI/Rl and technical approach for implementing the FSP are 
described in Section 5.1. Other sections in this FSP include a description and rationale of the 
investigative activities to be conducted (Section 5-21, the sampling methodology (Section 5.31, specific 
requirements of the analytical program (Section 5.41, QA/QC procedures (Section 5.51, air monitoring 
procedures (Section 5.61, and the disposition of investigation-derived wastes (Section 5.71. 

5.1 OU4 Phase II RFI/RI Overview 

This section Drovides a brief descrhtion of the obiectives and technical amroach for the Phase 

5.1 . I  Phase II RFI/RI Objectives 

The general objectives of the Phase II RFI/RI field investigation are to determine the nature and 
extent of contamination, to collect appropriate data for developing the CMS/FS, and to evaluate the 
impact of OU4 on surface water, ground water, air, the environment, and biota. The CMS/FS is the 
next step in the RCRAKERCLA Corrective Action process, and will evaluate remedial action 
alternatives and potential ground water remediation technologies. Based on these objectives the 
overall goal of this FSP is to acquire the data needed for a thorough understanding of: site hydraulics; 
site contaminants, their distribution and chemical and mobility characteristics; and the identification 
of site-specific conditions that may limit the potential ground water remedial action alternatives. 

The objectives for the Phase II RFI/RI listed below were identified as components for the overall 
characterization of OU4 and the development of data for the CMS/FS: 

Characterize the surface water, Upper HSU and Lower HSU hydrologic systems and the 
hydraulic and chemical interactions between these systems; 

Characterize contamination in the OU4 surface water and ground water systems; 

Delineate the lateral and vertical extent of ground water contamination; 

Delineate the contribution of upgradient sources to ground water contamination at OU4 
and assess the extent of chlorinated volatile organic compounds that were detected 
in wells just south of SEP 207-C; 
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Evaluate contaminant fate and transport characteristics of OU4 media; 

Evaluate the ITS effectiveness; 

Evaluate the Bowman's Pond (Building 774) water system; and 

Conduct a baseline risk assessment 

5.1.2 Technical Approach and Rationale 

Data from previous investigations performed at OU4, including the Phase I RFVRI, and site-wide 
information pertinent to OU4 were previously presented in Section 3. The value of the previous data 
in meeting the Phase II RFI/RI objectives varies, but has provided an initial characterization of the 
nature and extent of ground water contamination at OU4. The Phase II RFI/RI will build upon the 
previous work and fill data gaps. This FSP is designed as a flexible, observational approach to 
integrate existing data and the on-going RCRA ground water monitoring program with data collected 
using rapid field-screening assessment and geophysical techniques to delineate the lateral and vertical 
extent of contamination and to guide the placement of new monitoring wells. 

The technical approach consists of an incremental, integrated acquisition and "real-time" 
evaluation of data to guide subsequent field activities. The proposed approach will use the "scientific 
method" to evaluate the nature and extent of contamination, determine factors pertinent to corrective 
action, and to guide the optimal placement of additional monitoring wells. Prior to installing any new 
monitoring wells, Technical Memorandum No. 5 (TM5) will be prepared to report the results of the data 
collection and evaluation activities and will provide the rationale for the new monitoring wells. The 
following tasks will be completed in increments as the FSP is implemented: 

Acquire all available surface water, ground water, and soil data in reports, the RFEDS database, 
and other sources to define the chemical contaminants at OU4; determine the preliminary 
extent of ground water contamination at OU4; define the extent of surficial soil contaminants 
adjacent to OU4; and update the site conceptual model. 

Collect water level and in situ specific conductance and temperature measurements, and field 
nitrate analyses in selected wells, piezometers, and surface water locations to map the extent 
of the inorganic contaminant plume, to provide a preliminary "snapshot" in time of the extent 
of the inorganic plume, and to assess whether ground water is discharging to North Walnut 
Creek. 

Initiate surface water and ITS monitoring for stage and flow rates. 

. Acquire geophysical data (refraction seismic, ground penetrating radar, electromagnetic) to 
identify preferential ground water flow paths by mapping the top of bedrock (both unweathered 
and weathered), the water table, and high conductivity inorganic contaminant plumes. 

Prepare internal documentation of the results and conclusions from the previously described 
tasks. Additional data needs will be identified and recommendations for further work, such as 
installing well points and/or new monitoring wells, as well as collecting additional soil samples 
will be made. The locations and procedures for installing well points using a drive-point system 
will also be identified, as appropriate. 
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Install well points in selected areas using a drive point sampling device to evaluate the depth 
to bedrock, measure water levels, and to collect ground water samples. The ground water 
samples will be analyzed in the field for specific conductance and nitrate. The purpose of this 
task is to determine the extent of inorganic ground water contamination and to guide the 
placement of new monitoring wells. 

Collect additional specific conductance, nitrate, and water level measurements in the 
monitoring wells, piezometers, well points, and at locations along North Walnut Creek to 
determine the extent of the inorganic contaminant plume and the interaction between surface 
water and ground water. 

Prepare TM5 to document the results gathered during all of the previous tasks. A detailed plan 
with recommendations for the installation of new monitoring wells and subsequent work will 
be presented in TM5. Any additional modifications to the Work Plan will also be provided in 
TM5. 

Install and sample new monitoring wells at the approximate locations presented in this Work 
Plan, as modified by TM5, and log Lower HSU boreholes for geophysical properties. 

Analyze ground water, surface water, seep, sediment, soil and bedrock samples for the 
parameters identified in the FSP, as modified by TM5, to determine chemical characteristics, 
contaminant presence, fate, and mobility characteristics, and physical characteristics of OU4 
media. 

Conduct and analyze aquifer tests (slug, pumping and tracer tests) to determine aquifer 
hydraulic parameters for evaluating contaminant fate and transport and supporting the CMS/FS. 

Figure 5.1 -1 is a flow chart conceptualizing the observational approach outlined above. The following 
sections describe activities to be conducted and their rationale in more detail. 

5.2 Investigation Activities and Rationale 

The following sections describe the activities to be performed during the Phase II RFI/RI and 
the rationale for the proposed tasks. Table 5.2-1 provides an overall summary of the activities planned 
for the Phase II RFI/RI. 

5.2.1 Preliminary Data Acquisition and Evaluation 

The initial work to be conducted under the Phase Il program will be the acquisition and 
evaluation of the latest available ground water and surface water data for OU4 and adjacent areas. 
This data will be used to update the site conceptual model, refine the current understanding of the site 
hydrogeology, update contaminant plume maps, verify prior understanding of the extent of 
contaminants in both the Upper and Lower HSUs, and better define data gaps. Available surficial soil 
data from areas adjacent to OU4 will also be reviewed. This data will be evaluated to determine if 
additional surficial soil sampling will be required to complete the Phase I RFI/RI objectives. This task 
will continue in parallel with the field activities once they are initiated. 
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5.2.2 In Situ Field Screening 

A survey of all monitoring wells, piezometers, and selected surface water locations will be 
made to acquire water level, in situ specific conductance and temperature measurements, and to 
acquire field nitrate analyses. The purpose for this work is to map the extent of the inorganic 
Contaminant plume, to provide a preliminary "snapshot" in time of the extent of the inorganic plume, 
and to assess whether ground water is discharging to North Walnut Creek. Historical field 
measurements of specific conductance and laboratory measurements of total dissolved solids (TDS) 
show a strong correlation and a snapshot of the inorganic contaminant plume distribution will aid in 
the assessment of the current extent of the plume and the placement of new monitoring wells. 

As shown in Figure 5.2-1, a strong correlation between specific conductance and TDS in 
ground water and SEP liquids is evident. As previously described in Section 3, the liquids formerly 
present in the SEPs typically had elevated TDS concentrations (ranging to greater than 100,000 mg/ll 
and elevated specific conductance measurements. For comparison, the average background 
concentrations of TDS in ground water range from 189 mg/l in the Rocky Flats Alluvium to 545 mg/l 
in bedrock (EG&G, 1993). The TDS values correspond to specific conductance measurements of 327 
pSIcm and 864 pSlcm, respectively, as shown in Figure 5.2-1. 

5.2.3 Geophysical Investigation 

The purpose of the geophysical investigation is to: identify suspected preferential ground water 
flow paths that control the migration of contaminants; estimate the water table surface in areas lacking 
well or piezometer control; delineate the high TDS inorganic contaminant plume; and, identify lithologic 
units that may be conducive to ground water flow. The suspected preferential flow paths will be later 
verified by direct investigation techniques. Since this study will be implemented during low ground 
water table conditions, active ground water flow paths detected will be assumed to represent Upper 
HSU flow paths that are typically saturated throughout the year. This information will be particularly 
useful for evaluating ground water remediation options during the CMSlFS. 

e 

The geophysical program will use a variety of geophysical tools to detect the suspected 
preferential ground water flow paths. Each geophysical tool represents a different technique designed 
to confirm or enhance the understanding of ground water flow paths and the nature and extent of 
contamination at OU4. These techniques will selectively focus on the Upper HSU which is presently 
considered the primary contaminant transport pathway in the subsurface. Boreholes and wells 
adjacent to the geophysical lines will be used for comparison and correlation to verify and validate the 
geophysical data and identify data limitations. 

The geophysical program described in this section is based upon the present knowledge of 
OU4. The program is designed to be flexible, based upon a progressive, observational approach. The 
proposed geophysical surveys may be altered by the review of existing data in and adjacent to OU4 
or by additional data gathered during implementation of the geophysical program. The program is 
directed towards the placement of the new wells so as to characterize the ground water flow and 
contaminant migration pathways. 
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ALL AVAILABLE OU4 GROUNDWATER SAMPLES 
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Figure 5.2-1 Specific Conductance (SC; pS/cm, field measured) vs. Total Dissolved Solids (TDS; 
mg/l, laboratory determined) for all OU4 ground water samples with appropriate data. Open circles 
represent data for Solar Evaporation Ponds collected in May 1991 (A = 207A, BN = 207B-North etc.) 
Correlation coefficients are as follows: 

TDS (mg/l) = 0.90097 * SC(pS/cm) - 325.66937 R = 0.97 
logTDS(mg/l) = 1.09163 - l o g S C ( p S / c m )  - 0.46955 R = 0.95 

Mean TDS values for site-wide background ground waters (1 993 Background Geochemical Report) are 
as follows for various geologic units: Rocky Flats Alluvium (RFA) = 189 mg/l; Colluvium (COLI = 21 5 
mg/l; Valley Fill Alluvium (VFA) = 334 mg/l; Weathered Claystone (WCS) = 405 mg/l; (Cretaceous- 
age Arapahoe Formation (KAR) = 545 mg/l. 
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Previous investigations at OU4 and other operable units have determined that the bedrock 
immediately underlying unconsolidated geologic materials has an irregular surface and a weathered 
zone that varies in thickness, As previously noted in Section 2 and in the Phase I RFI/RI report, 
bedrock topography appears to control ground water flow in the Upper HSU. Paleochannels that may 
be filled with more coarse-grained unconsolidated materials are developed on the bedrock surface. 
These paleochannels and the weathered bedrock zone are commonly more permeable than the adjacent 
Rocky Flats Alluvium and provide preferential pathways for ground water flow and contaminant 
migration. Delineation of these features is important in evaluating the migration of contaminants in 
ground water and for determining where ground water in the Upper HSU is not captured by the ITS. 

Geophysical techniques used as part of this investigation will provide measurements of the 
physical properties and approximate areal extent of subsurface materials. Interpretations of these 
properties will be integrated with descriptions of subsurface lithology from borehole cores to more 
accurately map the subsurface geology than is possible by strictly using the well or borehole lithologic 
descriptions. Differences in electrical conductivity can also be used to map the inorganic contaminant 
plume underlying OU4, particularly when the geophysical data is integrated with measurements of 
specific conductance in ground water samples. 

Seismic refraction, ground penetrating radar (GPR) and electromagnetic (EM) data will be 
acquired to characterize subsurface physical properties as part of the Phase II RFI/RI. The following 
sections describe the purpose of each of these techniques. 

5.2.3.1 Seismic Refraction Surveys 

The goals of the seismic refraction survey are to map the top and base of the weathered 
bedrock, major lithofacies variations within the alluvium, preferential ground water flow paths, barriers 
to ground water flow, and the top of the water table in the Upper HSU. Both compressional and shear 
wave seismic refraction data will be acquired during the investigation. Figure 5.2-2 presents the 
proposed locations of the seismic lines. The actual number and locations of the lines may be modified 
once the investigation commences. The acquisition of compressional wave seismic data will aid in the 
delineation of the bedrock surface, the weathered zone, and lithofacies identification. The acquisition 
of shear wave seismic data will aid in the delineation of the bedrock surface and the configuration of 
the Upper HSU water table surface. 

In OU4, incised bedrock channels are believed to serve as preferential pathways for ground 
water flow and contaminant migration. Figure 5.2-3 shows a compressional wave seismic refraction 
cross-section through five piezometers located outside the PA. The boundaries between the alluvium 
lithologic units in the cross-section were delineated by velocity contrasts exhibited by the seismic 
refraction data. Velocity contrasts are also noted in the bedrock. These contrasts are interpreted to 
represent the extent of weathering within the bedrock. 

The bedrock interface delineated by the Phase I refraction data correlates very well with the 
geologic control provided by the piezometers. The five piezometers are spaced 25-30 feet apart and 
were installed during the Phase I RFI/RI to evaluate the effectiveness of the ITS. Piezometer 44893 
is located in a paleochannel which is approximately 5 feet deep and 30 feet wide. Water level 
measurements taken at the 5 piezometer locations show that the paleochannel contains water while 
the piezometers located outside of the paleochannel are usually dry. This example shows that seismic 
refraction data are effective in mapping bedrock paleochannels. 
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Figure 5.2-4 shows the approximate locations of preferential pathways or paleochannels 
mapped by seismic refraction data. Although the seismic refraction data from Phase I proved useful, 
the survey was only conducted in the immediate vicinity of the SEPs. The locations of the proposed 
Phase I I  seismic refraction lines are intended to augment the Phase I data. Compressional and shear 
wave refraction data will be acquired along the proposed profiles shown in Figure 5.2-2. The locations 
of the profiles may be revised upon reviewing all available subsurface data and examination of field 
conditions at the time of the survey. Section 5.3.3 describes the seismic data acquisition methods. 

5.2.3.2 Ground Penetrating Radar Surveys 

A GPR control study will be conducted to test the effectiveness of the method at OU4. The 
GPR survey is designed to complement the seismic refraction survey and to potentially provide better 
resolution for mapping the top of bedrock surface. The higher resolution obtained with GPR data may 
allow the smallest channels (less than 2 feet in width) on the bedrock surface to be mapped. 

GPR data quality is particularly sensitive to site conditions. To evaluate the ability of GPR to 
meet the objectives of the Phase II RFI/RI, a control study will be conducted and evaluated inside the 
boundary of the ITS prior to the implementation of a full-scale GPR program. If the GPR method proves 
successful in mapping the bedrock surface, additional GPR data will be gathered along the proposed 
profiles shown on Figure 5.2-2. These line locations may be modified during the investigation. These 
additional lines will be used to augment the Phase II refraction survey and, if successful, will provide 
a higher level of resolution in imaging the bedrock surface beneath the ITS. It is unlikely that the GPR 
data will be useful in delineating any features below the unconsolidated rnaterials/bedrock interface 
such as the zone of weathered bedrock. 

0 . 

During Phase I, a limited amount of GPR data was acquired south of SEP 207-C and in SEP 
207-A with a Geophysical Survey System, Inc. recording system that utilized 900 MHz and 300 MHz 
radar antennas. The goals of that survey were to locate pipes, utility trenches, and remnants of the 
original clay-lined pond. GPR proved successful at locating the subsurface pipes and trenches in a 
limited area south of SEP 207-C. Because the target of the Phase II GPR survey is deeper and requires 
less resolution, an instrument similar to the pulse EKKOTM IV, by Sensors & Software, Inc., will be used 
for the control study. A series of lower frequency GPR lines will be tested during the control study to 
determine which frequency is most effective to meet the project objectives. The method for acquiring 
the GPR data is described in Section 5.3.3. 

5.2.3.3 Electromagnetic Surveys 

The goal of the EM surveys is the delineation of high total dissolved solids (TDS) ground water 
contaminant plumes that are typically more conductive than background ground water. EM 
instruments measure terrain conductivity, and because electrical conductivity increases with increasing 
TDS, areas of anomalously high electrical conductivity may be associated with soils and bedrock 
saturated by high TDS waters. Thus, the EM survey may prove useful in indirectly mapping 
contaminant plumes in OU4; however, areas of high conductivity may also represent clays within the 
alluvium, or areas where bedrock is closer to the surface. Interpretations of the EM data will be 
compared with other geophysical and geologic data. 

EM measurements will be made along the proposed profiles shown in Figure 5.2-2. Prior to 
conducting the EM surveys, ground water specific conductance measurements collected during the 
in situ field screening task will be reviewed to determine the precise locations of the EM survey lines. 
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The EM lines placed around the SEPs are designed to evaluate the contaminant plume distribution with 
respect to the interpreted preferential pathways in the area. Section 5.3.3 describes the methodology 
for acquiring this data. 

5.2.3.4 Borehole Geophysics 

Borehole geophysical logging methods may be used to evaluate in situ geophysical properties 
such as density, electrical conductivity, and natural gamma radioactivity, and to estimate the hydraulic 
conductivity of the water-bearing units. Borehole geophysics appears to be most applicable to the 
Lower HSU strata. Natural gamma, neutron-density, and EM tools will augment core sample lithologic 
descriptions for the identification of subsurface geologic materials and determination of the specific 
water-bearing intervals to be screened. If the boreholes are filled with fluids upon completion of 
drilling, the boreholes can be logged using spontaneous potential (SP] and resistivity tools to determine 
the locations of water-bearing zones. 

5.2.4 Well Point Installation 

Well points may be installed during the Phase II RFI/RI to aid in the delineation of the inorganic 
contaminant plume and the placement of new monitoring wells. The well points will be used if the 
preliminary data collection and geophysical investigation activities are not sufficient for delineating the 
inorganic contaminant plume in the Upper HSU. This technique permits rapid acquisition of Upper HSU ' 

ground water samples that can be analyzed in the field for specific conductance and nitrate (Level I 
data quality) and will provide additional water level measurements. By collecting and analyzing well 
point ground water samples in the field in the areas where new monitoring wells are planned, the 
monitoring wells can be installed at the most appropriate locations. This technique, however, is not 
practical for providing data from the Lower HSU. 

A percussion drive-sampling device will be used to install the well points in the saturated zone. 
The drive sampling device pushes an expendable tip to the target depth which will be left in place once 
the rods are removed. Teflon or polyethylene tubing is attached to the expendable tip prior to 
removing the rods to facilitate ground water sampling. Well point installation methods are described 
in Section 5.3.4 

5.2.5 Technical Memorandum No. 5 

TM5 will be prepared upon completing the installation of the well points and the analysis of all 
previously acquired data. This TM will present the results and analyses of the above described tasks, 
identify other data needs, and will provide recommendations for the installation of additional monitoring 
wells. The TM is intended to provide any necessary modifications to the Work Plan prior to the 
completion of all tasks to ensure that the most representative data is collected to satisfy the objectives 
and project goals that were previously identified. TM5 will be submitted to the CDH and EPA for 
review and comment. 

5.2.6 Ground Water Monitoring Well Installation 

Approximately 27 ground water monitoring wells are proposed to be installed during the Phase 
I I  RFI/RI to augment the existing monitoring well network. Eleven wells are proposed to be constructed 
in unconsolidated materials, 12  wells are proposed in weathered bedrock, and 4 wells are proposed 
in unweathered bedrock. The actual number and locations of new wellls will be identified in TM5  upon 
completion of the previously described investigative work. These wells will augment the existing 
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monitoring well network and will provide additional data required for characterizing the hydraulic and 
chemical interactions between the Upper and Lower HSUs; to evaluate the contribution of the 
upgradient contaminant sources to ground water at OU4; to characterize the nature, extent, and 
mobility characteristics of ground water contaminants; and, to evaluate the fate and transport of site 
contaminants. The contaminant properties, mobility characteristics, and aquifer hydraulic properties 
will be integrated to provide a basis for subsequent evaluations of ground water collection and 
treatment considerations under the CMS/FS. The following paragraphs describe the preliminary 
rationale for installing the new monitoring wells. 

Proposed Unconsolidated Materials Wells: Although each well installed as part of the Phase II 
RFI/RI will satisfy several objectives, the primary objectives of the 1 1 unconsolidated materials 
monitoring wells (A-series wells) are for characterizing the upgradient ground water quality in the 
unconsolidated materials; filling existing gaps in the unconsolidated materials monitoring well network; 
delineating the extent of contamination; determining the connection between plumes south of North 
Walnut Creek, north of South Walnut Creek, and the SEPs; and evaluating the effectiveness of the ITS. 
Figure 5.2-5 shows the approximate locations of the alluvial wells based on data available during 
development of the Work Plan. Table 5.2-1 describes the objectives, estimated screened interval, and 
data to be acquired at each proposed well location. 

The proposed well locations may change slightly depending upon the limitations caused by the 
infrastructure features in the industrial area of the RFETS. Additionally, proposed well locations may 
be revised based upon the results of the surface geophysics and well point sampling programs. If 
paleochannels on the bedrock surface are found, well locations will be adjusted such that one or more 
alluvial wells are sited in bedrock paleochannels where the alluvium is believed to be saturated. 

Proposed Weathered Bedrock Wells: The primary goals of the 12 proposed weathered bedrock 
monitoring wells (W-series wells) are similar to those of the unconsolidated materials wells since most 
are located in the Upper HSU. These wells are sited to close data gaps, assess the extent of 
contamination in weathered bedrock under the ITS, characterize the quality of the upgradient ground 
waters, determine the relationship between the plumes in the North and South Walnut Creeks and the 
SEPs, and evaluate the chemical and hydraulic interactions between wells screened in alluvium, 
weathered bedrock, and unweathered bedrock. Exact well locations may change slightly depending 
on the limitations caused by the infrastructure and topographic features in the OU4 study area. 
Optimization of well locations based on geophysical and well point sampling results may also result in 
changed well locations. In general, weathered bedrock wells are proposed near existing or planned 
alluvial wells so that the interaction between the alluvial and weathered bedrock aquifers can be 
delineated. Evaluation of the inorganic ground water chemistry data indicates that the ground water 
chemistry of the alluvium and weathered bedrock are the same in certain areas of OU4, yet data from 
other areas within OU4 indicate that the ground water is chemically different between the two units. 

Figure 5.2-6 shows the locations of the weathered bedrock wells. Table 5.2-1 describes the 
objectives, data to be acquired, and estimated screened interval at each proposed well location. 

Proposed Unweathered Bedrock Wells: Four wells are proposed in the unweathered bedrock 
(D-series wells). The goals for these wells are to further characterize the ground water quality in the 
Lower HSU, delineate the vertical extent of contamination, and evaluate the hydraulic interactions with 
the Upper HSU. Additionally, hydraulic data obtained from Lower HSU wells will support ground water 
collection and treatment technologies to be considered under the CMS/FS if contaminants requiring 
remediation are present in the Lower HSU. Figure 5.2-6 shows the locations of the proposed wells. 
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Table 5.2-1 describes the objectives, analyses proposed, and the screened intervals for these 
proposed wells. Pending review and evaluation of the existing data, additional Lower HSU wells may 
be proposed in TM5. 

All the new wells will be integrated into the on-going ground water sampling efforts at OU4. 
Table 5.2-2 lists the existing and proposed wells to be sampled and sampling frequency to be uti!ized 
during the Phase II RFVRI. 

5.2.7 Surface Water, Seeps, and Sediments 

The Phase II RFI/RI will use existing surface water monitoring stations, sediment sampling 
stations, and stream gauging stations as well as establish additional surface water and sediment 
sampling stations. The resulting array of sampling locations will be used to define the nature and 
extent of contamination associated with the SEPs and Building 778 Pond (Bowman's Pond), the 
effectiveness of the ITS and the potential contributions of contaminants to the North Walnut Creek 
drainage, as well as providing necessary information for evaluating ground waterhrface Water 
interactions. Surface water chemical and flow data are necessary for supporting the remediation 
options to be considered under the CMS/FS. Sampling of all sediment and surface water will be 
discontinued at the end of the OU4 Phase I I  field sampling program, unless incorporated into other 
monitoring programs. 

Existing Surface Water Flow Monitoring and Sampling: Existing sampling stations and 
associated surface water features in the general area of OU4 are shown on Figure 5.2-7. Proposed 
sampling points to be installed during the Phase II RFI/RI are also shown on Figure 5.2-7, are included 
on Table 5.2-1. These new sampling points are included in the Phase II RFI/RI to allow for the 
sampling of surface water flows, surface seeps, and various drains that previously were not 
investigated that may be important routes of contaminant migration. This data will augment the 
existing database of surface water quality and flow. All locations will be surveyed and the elevations 
above mean sea level (MSL) obtained. 

Table 5.2-3 lists the existing sampling stations scheduled for renewed, continued, or modified 
sampling during the duration of the Phase II RFI/RI. The sampling schedule detailed in Table 5.2-3 
should be initiated early in the investigation and continue throughout the duration of the Phase II RFI/RI. 
These activities are included in Table 5.2-1. In general, the stations on North Walnut Creek are 
scheduled for monthly flow monitoring, while other stations will be monitored quarterly. 

Automated Surface Water Flow Monitoring and Sampling: Seven automatic storm/surface 
water monitoring flow and sampling stations will be established to determine the volume and quality 
of the surface water entering and leaving OU4. Flow measurements will be recorded continuously and 
water quality will be sampled quarterly for the parameters identified in Table 5.2-1. The resulting data 
will be used to support the characterization of OU4 surface water quality, ground water/surface water 
interaction, and site/lTS water balance estimates. Automatic sampling instruments are necessary as 
many of the locations are dry except during storm and snowmelt events. The instruments will 
continually measure stage water level and will acquire water quality samples when preprogrammed 
stage thresholds are sustained. These threshold values will be determined based on field conditions. 
This type of sampling is now successfully underway at RFETS. The importance of storm/surface water 
as a contaminant pathway will be assessed using these data. 0 
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TABLE 5.2-3 

SAMPLING SCHEDULE FOR EXISTING GAGING STATIONS (GS) 
AND SURFACE WATER SAMPLING SITES (SW) 

Abbreviations noted on following page 
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TABLE 5.2-3 (Continued) 

SAMPLING SCHEDULE FOR EXISTING GAGING STATIONS (GS) 
AND SURFACE WATER SAMPLING SITES (SWI 

Notes: 

A =  

B =  
C =  

D =  

E =  
F =  

G =  

H =  
I =  
J =  
Q =  
S =  

Z =  

* =  
t =  

1\ = 

Water level/flow measurements using techniques appropriate to station-specific 
conditions 
Field parameters (temperature, specific conductance, pH) 
Water Quality Parameters List (WQPL**) 
** Add bromide (Br-) determination by Method 300.0 
Dissolved (field-filtered, 0.45 pm) Contract Laboratory Program (CLP) and non- 
CLP Target Analyte List for Metals (TAL) 
Total (not field-filtered) CLP and non-CLP Target Analyte List for metals (TAL) 
Dissolved (field-filtered, 0.45 pm) radiochemistry parameters including gross 
alpha and gross beta. 
Total (not field-filtered) radiochemistry parameters including gross alpha, gross 

VOAs, EPA-CLP Volatile Organic Target Compound List 
EPA-CLP Semivolatile Organic Target Compound List 
EPA-CLP Pesticides Target Compound List (does not include PCBs) 
Quarterly sampling 
Site to be equipped with Isco 3700 event-triggered sampling device to allow 
synoptic data collection. 
Site to be equipped with continuous water-level monitoring devices and flow- 
control weirs or flumes. 
These locations to be sampled during initial field screening task as well. 
Site may require installation of collection sump (bowl) to facilitate sample 
collection. 
Site is currently equipped with continuous water-level monitoring device and 
event-triggered sampling device. 

9 9 , 238U, %lAm, 226Ra, "*Ra, '"Cs, and 137Cs. beta, tritium, B9n4opu 2331234~ 2 3 5 ~  
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Figure 5.2-7 shows the locations of the seven storm/surface water flow and monitoring 
stations and the local drainage basins as defined by the Master Drainage Plan (Wright Water Engineers, 
1992). The stations were sited using the drainage basins defined by the Master Drainage Plan and by 
conducting a site survey to determine suitable locations for installation. The existing surface water 
monitoring stations proximal to OU4 are shown in Figure 5.2-7; however, it is important to note that 
only the stations along North Walnut Creek will be used to determine flow rates. 

A description and rationale for each proposed station is given below. Stations SW-A, SW-B, 
SW-C, and SW-D monitor and sample surface water entering the SEP area of OU4, while SW-E, SW-F, 
and SW-G sample and monitor surface water discharging from the SEP area. 

SW-A: This station is located in the upgradient end of the 15" corrugated metal pipe (CMPI 
which drains the Building 779 area. This station will provide upgradient water quality and 
volume data. 

SW-B: This station is located at the downgradient end of the 15" CMP that drains the Building 
779 area. The pipe discharges water to the hillside north of the SEPs. This station will provide 
downgradient water quality and volume data which can be compared to data from SW-A. 
Other storm drains or footing drains may be connected to the CMP contributing additional 
water and, possibly, contaminants. Furthermore, this pipe is the source of an estimated 36 
percent of the water collected by the ITS. If water quality is acceptable, then the output from 
this pipe could be routed past the southern extension of the ITS and into the standard storm 
water drainage system. 

SW-C: This station is located in the drainage ditch at the road to the east of Building 774. 
This ditch receives water from the area north of Buildings 771 /774 and Bowman's Pond. This 
station will provide data to determine the quality and volume of the water entering the SEP 
area. 

SW-D: This station is located at the small breach in the berm of Bowman's Pond. Since 
Bowman's Pond overflowed in 1992, most of the water appears to be flowing out of the pond 
through a small channel in the northeastern corner of the pond. This station will provide water 
quality and volume data for the water flowing out of Bowman's Pond. 

SW-E: This station is located in a ditch immediately west of the 60" concrete pipe that passes 
under the PA fence north of SEP 207-A. Water which passes through this pipe eventually 
flows into North Walnut Creek. This station will provide data to determine the quality and 
volume of the water discharging from the SEP area. Data collected at this station will also 
support the assessment of ITS effectiveness. 

SW-F: This station is located in a ditch immediately east of the 60" concrete pipe that passes 
under the PA fence north of SEP 207-A. Water which passes through this pipe eventually 
flows into North Walnut Creek. This station will provide data to determine the quality and 
volume of the water discharging from the SEP area. Data collected at this station will also 
support the assessment of ITS effectiveness. Two stations are needed at this location because 
it is not possible to properly install a single monitoring station across the 60" pipe. Two 
stations also provide additional data resolution and provide information about the source areas. 

SW-G: This station is located in a ditch immediately in front of the 48" pipe that passes under 
the PA perimeter road and fence. Water passing through this pipe eventually flows into North 
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Walnut Creek. This station will provide data to determine the quality and volume of the water 
discharging from the SEPs area. 

Two additional surface water monitoring stations, SW-H and SW-I, will be established to 
sample the water quality of the large hillside seep and the western seep (Figure 5.2-7) which are 
currently not sampled. Water at these locations may be the result of discharge from pipes or drainage 
tiles. These stations will be sampled quarterly along with the other surface water monitoring stations 
in and around OU4. These additional stations are needed because the water quality of the seeps 
varies. The data from these surface water monitoring stations will allow characterization of the nature 
of conlamination associated with these seeps. 

Sediment Sampling. One additional sediment sampling location, SED-A, will be established in 
Building 774 Pond (Bowman's Pond). One sediment sample will be collected from the center of the 
pond to determine if contaminants are present in the pond sediments. All sediment samples will be 
analyzed for target analyte list (TAL) metals, target compound list (TCLI volatile organics, 
radionuclides, and nitrate plus nitrite. These data will be used in conjunction with other surface water 
data and hydrogeologic data to characterize the nature and extent of contamination associated with 
Building 774 Pond (Bowman's Pond). Three additional sediment samples will be collected at the 
locations identified in Figure 5.2-7. 

5.2.8 Infiltration and Recharge 

Infiltration tests will be completed during the Phase II RFI/RI to provide data for calculating 
water balance and estimating recharge to the Upper HSU. Infiltration test locations will be selected 
following the evaluation of available data from OU4 and other operable units. The proposed tests will 
be conducted using instrumented single-ring infiltrometers. Instrumentation may include neutron 
moderation monitoring, tensiometers, and thermocouple pyschrometers, as appropriate. The number 
of tests, test locations, and specific procedures will be identified in TM5. 

5.2.9 Interceptor Trench System 

Water flow monitoring and sampling will be performed at two locations in the ITS. Monitoring 
and sampling will take place at the Interceptor Trench Pump House (ITPH) manhole/wet well and at 
the Southern Extension manhole (Figure 5.2-8). Samples will be analyzed for the parameters identified 
in Table 5.2-1. At each manhole/wet well there are two 4-inch diameter pipes that will be monitored 
for flow and sampled for water quality. Four pipes will be monitored: 1) western pipe and 2) eastern 
pipe of the Southern Extension, and the 3) western header pipe and 4) eastern header pipe of the ITPH. 
In addition, water level data from the manhole and wet well will be collected to determine if inundation 
of the manholes occurs during large precipitation events. Collection of flow and water quality data will 
allow quantification of water volume and contaminant concentration at the four proposed ITS sampling 
locations. 

Other data currently collected by EG&G plant personnel include total water pumped from the 
ITPH to the Temporary Modular Tank System (TMTS) and natural precipitation data. These data, along 
with surface water flow measurements, ground water flux data, and infiltration data will be used to 
calculate a water balance for OU4. Infiltration tests recommended in the Phase I RFI/RI report will be 
incorporated into the Phase II RFI/RI to calculate the water balance at OU4. A contaminant mass 
balance will also be prepared for OU4. a 
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5.2.10 Aquifer Testing 

5.2.10.1 Slug Tests 

Slug tests will be performed in a number of monitoring wells to estimate the hydraulic 
conductivities of water-bearing zones. As many as necessary will be performed to determine areal 
ground water hydraulic conductivity variability. The tests will be divided between each of the following 
units: Rocky Flats Alluvium, valley fill alluvium, colluvium, artificial fill, weathered bedrock and 
unweathered bedrock. Selectiom of the newly-installed wells to be tested will be finalized following 
the installation of the Phase I I  monitoring wells. The criteria used to select test locations will include 
screened interval lithology and geographic location of the well. Specifically, the test locations will be 
selected such that hydraulic conductivity data for the range of water-bearing lithologies encountered 
within OU4 (e.g. sandy, silty, clayey, consolidated, and unconsolidated) will be obtained. In addition, 
the tested wells will be geographically distributed across the study area, to the extent feasible, to 
evaluate areal hydraulic conductivity variability. 

The information gained from these tests will be used to evaluate relative permeabilities between 
the different lithologic units and to identify preferential flow paths based on permeabilities. This 
information will be important for subsequent CMS/FS evaluations of ground water collection systems. 

5.2.10.2 Pumping Tests 

Constant-rate pumping tests will be performed at OU4 to determine the range of transmissivity, 
hydraulic conductivity, and storage coefficient of the tested units, and to allow assessment of the 
degree of hydraulic connection between the water-bearing units. Four tests are currently planned; 
however, the actual number and locations will be identified in TM5 and will be situated to provide the 
most pertinent data for the CMS/FS. The tests will also provide information concerning the degree of 
anisotropy of the tested units. Determination of these hydraulic properties will facilitate evaluation of 
ground water and contaminant migration rates and possible ground water collection systems to be 
evaluated during the CMS/FS. 

Constant-rate pumping tests will be designed and performed according to SOP No. GW.8, 
Revision 1 (effective March 1, 1992). As stated in this SOP, a step-drawdown test will be performed 
prior to each constant-rate pumping test in order to select the optimum pumping rate and pump depth 
for the constant-rate test. In addition, a recovery test will be performed following completion of each 
constant-rate pumping test. During the recovery test, the rate of water-level recovery in the pumping 
well and observation wells will be recorded at a frequency similar to that used during the constant-rate 
test. The recovery tests will continue until water levels have recovered by at least 80 percent. 

One pumping test will be performed in a representative section of Rocky Flats Alluvium, one 
test will be performed in a representative section of valley fill alluvium, and two tests will be performed 
in the weathered bedrock. If contaminants and sufficient water yields are found in the unweathered 
bedrock (Lower HSU) an additional pumping test will be added to the program to develop aquifer 
characteristics for the Lower HSU. The effectiveness of the tests performed will be constrained by 
the saturated thickness of the water-bearing zone tested. For example, where the saturated thickness 
is small, the available drawdown is also small, constraining the duration of the pumping test. Therefore, 
pumping tests will be performed in areas characterized by relatively large saturated thicknesses to the 
extent feasible. Preliminary test locations are shown on Figure 5.2-9. These locations may be revised 
in the future as additional hydrogeologic data are obtained. The final pumping test locations will be 
presented in TM5. 
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Test A, as proposed, will be performed in the valley fill alluvium adjacent to North Walnut 
Creek. A pumping well and two alluvial piezometers will be installed for this test. In addition, water 
levels will be monitored in existing wells 1786 (screened in the unconsolidated materials), 8208689 
(screened in the weathered bedrock), and 1686 (screened in the unweathered bedrock). Monitoring 
of water levels in wells screened below the unconsolidated materials will indicate the degree Of 
hydraulic interconnection between the various water-bearing units. 

The preliminary location for Test B is within the ITS (Figure 5.2-9). The location of this test 
may be revised following a review of the seismic refraction data collected in this area during the Phase 
II field program. Similar to Test A, a pumping well screened in the weathered bedrock (well W-6) and 
three weathered bedrock piezometers will be installed at this location. Additionally, water levels will 
be monitored in piezometer 40293 if the final well location is sited close to the piezometer. This test 
will aid in evaluating the effectiveness of the ITS by providing data regarding the continuity of the 
weathered bedrock ground water flow system beneath the ITS. 

Test C, as proposed, will also be performed in the weathered bedrock layer. A pumping well 
and two weathered bedrock piezometers will be installed at the location of this test. Water level 
fluctuations will also be measured during the test in existing wells P210189 (screened in the 
weathered bedrock) and 2286 (screened in the unconsolidated materials). A primary objective of this 
test is to evaluate the hydraulic properties of the bedrock sandstone that subcrops beneath SEP 207-C. 

Test D, as proposed, will be performed in the Rocky Flats Alluvium. One pumping well and two 
piezometers will be installed for the test. Water levels will be monitored in the piezometers and in 
existing wells P207889 (screened in unconsolidated materials) and P207984 (screened in weathered 
bedrock) during the test. The objective of this test is to evaluate the hydraulic properties of the Rocky 
Flats Alluvium and assess the degree of hydraulic connection between the unconsolidated materials 
and weathered bedrock. 

5.2.10.3 Tracer Tests 

Tracer tests will be conducted during the Phase I I  RFI/RI. The objective of these tests is to 
evaluate ground water flow directions and velocities; dispersion; and effective porosity. A tracer test 
in the bedrock sandstone immediately beneath SEP 207-C may be used to determine whether ground 
water in that unit is discharging at the seeps. 

Tracer tests previously conducted at the RFETS have met with limited success. The available 
test data will be reviewed to determine what factors contributed to both success and failure of the 
previously conducted tests. The tests planned at OU4 will be designed using the knowledge gained 
from these previous tests to minimize the potential for test failure. Generally, the tests will be 
conducted under natural hydraulic gradients. Tests conducted under an artificially-produced gradient 
may be used to estimate aquifer hydraulic properties under a stressed system, such as may occur 
when ground water is withdrawn, either through wells or collection trenches. 

These tests will contribute to the understanding of the hydraulics of the OU4 area and the 
information will be important to CMS/FS considerations for ground water remediation. The design for 
the tracer tests will be presented in TM5 after the previous tests conducted at the RFETS have been 
evaluated. e 
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5.3 Investigation Methodology 

5.3.1 In Situ Field Screening 

In-situ field screening for specific conductance, temperature, and field nitrate analyses will be 
conducted during the Phase II RFI/RI. All accessible monitoring wells, piezometers, surface water 
stations, and selected locations along North Walnut Creek will be sampled for these parameters. 
Additionally, any well point installed as  part of the Phase II RFI/RI will be sampled for specific 
conductance and nitrate and water level measurements will be made. 

Specific conductance and temperature measurements will made in the wells and piezometers 
at the surface of the water column and at one-foot intervals below the water surface to the bottom 
of the well. The purpose for this is to identify (if possible) discrete intervals that are transmitting 
ground water to the well. The measurements will be made by lowering the temperature/conductivity 
probe to the top of the standing water column and gently agitating the probe until a stable reading is 
observed and recorded. The probe will then be lowered to successive one-foot intervals and the 
procedure repeated. Data will only be recorded downhole to minimize mixing within the well. Nitrate 
analyses will be completed using the cadmium reduction spectrophotometric method specified in SOP 
GW.05 (Field Measurement of Ground Water Field Parameters). 

The measurements along North Walnut Creek will be made at locations between collection 
pond A-1 and surface water station SW-1 18. Exact locations will be determined in the field, but the 
general approach is to obtain an across-stream profile of both specific conductance and temperature 
every 10 to 20 feet along the stream length. Locations will be plotted on a recent air photo, and a 
unique number will be assigned to each location. The sampling locations will be surveyed and tied to 
the RFETS site datum. 

5.3.2 Geophysical Investigation 

Geophysical methods proposed in the Phase II FSP include seismic refraction, ground 
penetrating radar, electromagnetic, and, conditionally, borehole geophysical measurements. Data 
collected using these methods will supplement existing knowledge about the ground water flow System 
and subsurface conditions. The program is designed to be flexible and may be altered in the field to 
achieve the applicable Phase II objectives. 

5.3.2.1 Seismic Refraction Surveys 

Currently, SOPS are not established for seismic surveys at RFETS. Seismic refraction surveys 
performed as part of the Phase II RFI/RI activities will be completed using industry-accepted techniques 
and standards similar to the surveys previously completed at OU4. 

The seismic refraction data will be collected using a multi-channel signal enhanced seismograph 
similar to an Oyo McSeis 16000 or DAS-1 with a minimum of 48-channel spreads. These 1 0-Hertz 
single-phone group spreads are to consist of 48 geophones laid out in 5-foot intervals. Adjacent 
spreads are to laid out end-to-end with at least a two geophone group overlap that will result in 
continuous coverage along each seismic refraction line. Both P-wave and S-wave energy sources shall 
be sufficient to produce clean first breaks on the far offset geophone that is at least 10 db above 
background noise. The energy source(s) shall be positioned through the spread, providing at least two 
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used internal to the geophone spread. Surface elevations for each geophone shall be obtained using 
an appropriate technique to ensure an accuracy of less than f 1 .O foot. Data shall be recorded on 
magnetic media using an industry standard recording format. A paper record will be prepared and kept 
for backup purposes and to compare energy source levels with background noise levels. Record 
lengths, record sampling interval, near geophone off-set distance, off-end and internal shot intervals, 
and energy source type(s) are to be determined in the field prior to implementation. 

5.3.2.2 Ground Penetrating Radar Surveys 

The GPR survey will be performed in accordance with SOP GT.18 (Surface Geophysical 
Surveys). Because GPR data quality is site-specific, a control study will be performed prior to the 
implementation of a full-scale survey. The preferred instrument for the survey is the pulse EKKOTM IV, 
manufactured by Sensors & Software, Inc, or similar equipped instrument. This GPR system is ideal 
for the OU4 survey because it is very easily used in rough terrain and permits the operator to vary 
survey parameters for improved data quality. 

In conjunction withh the results of the seismic refraction survey, a control study will be used 
to determine the optimum GPR survey parameters including the operational frequencies, orientation, 
station spacing, source-receiver spacing, and number of stacked recordings per record. If the control 
study indicates that the GPR survey will be effective in mapping the top of the bedrock surface and/or 
the water table, then the full GPR survey will be completed and recorded digitally on magnetic media. 

5.3.2.3 Electromagnetic Surveys 

If the results of the in situ specific conductance measurements indicate that EM will be 
effective for plume delineation, an EM survey will be performed in accordance with SOP GT.18 
(Surface Geophysical Surveys). The frequency domain EM survey will consist of a frequency domain 
electromagnetic profiling survey using a EM 34-3XL from Geonics, Ltd. (or similar instrument). This 
instrument will be used in both the horizontal and vertical magnetic dipole modes (quadrapole readings) 
to obtain vertical electrical profiles. The main purpose of this survey is to outline the lateral extent Of 
the TDS contaminant plume delineated by the in-situ specific conductance measurements. The vertical 
distribution of the TDS contaminant plume will be determined through the use of a shallow time domain 
EM survey using a TEM 47 from Geonics, Ltd. (or similar instrument). lntercoil spacing, transmitter 
loop size, operating frequencies, and data collection spacing will be field determined based upon the 
resolution needed to map the TDS contaminant plume. The data will be recorded on magnetic media. 

5.3.2.4 Borehole Geophysics 

Borehole geophysical logging will be conducted in accordance with SOP GT.15 (Borehole 
Geophysical Logging). This SOP provides administrative procedures for acquiring borehole geophysical 
logs at the RFETS. The geophysical subcontractor will have specific procedures for acquiring data with 
each geophysical tool. Decontamination procedures required for this task include SOP F0.3  (General 
Equipment Decontamination) and SOP F0.4, (Heavy Equipment Decontamination). 

5.3.3 Well Points 

Well points for collecting ground water samples will be installed at selected locations using a 
drive-point sampling device. The well points will consist of an expendable, hardened steel pointed tip 
equipped with a stainless steel mesh screen and teflon tubing. Alternative screening methods may be 
used, such as hand-perforated teflon tubing. The well point is attached to solid steel rods and driven 
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into the ground to the targeted depth by hydraulic pushing or hammering techniques. The rods are 
then removed, leaving the well point behind. Purging the well points is not required since the data 
acquired are considered Level I and will be only used for screening purposes. Ground water samples 
may be extracted using a peristaltic pump. The vacuum produced by the pump is not expected to 
affect the target analytes because volatile organic compounds will not be analyzed in ground water 
samples collected from the well points. 

The applicable SOPs for installing well points are included in GT.06 (Monitoring Well and 
Piezometer Installation). A document modification request (DMR) to SOP GW.06 (Ground Water 
Sampling) may be required for the acquisition of ground water samples using well points. 

5.3.4 Ground Water Monitoring Wells 

A total of 27 boreholes are proposed to be drilled for the installation of ground water 
monitoring wells. Eleven of these boreholes will penetrate unconsolidated materials to the surface Of 

the weathered bedrock and will be completed as 2-inch-diameter unconsolidated materials ground 
water monitoring wells. Twelve boreholes will penetrate unconsolidated materials and weathered 
bedrock to the surface of the unweathered bedrock and will be completed as 2-inch-diameter bedrock 
ground water monitoring wells. Monitoring wells anticipated for pumping test use may be completed 
using 4-inch diameter casing, as appropriate. Four wells will penetrate unweathered bedrock (Lower 
HSU) and will be completed as 2-inch-diameter ground water monitoring wells. The purpose of the 
borings is to provide lithologic and geotechnical data from unconsolidated and bedrock materials. 

Data from the monitoring wells will provide water level, water chemistry, and water quality 
data. The monitoring wells are geographically positioned; in general, to evaluate the alluvium and 
weathered bedrock ground water flow systems and, specifically, to evaluate the following: upgradient 
sources, the area around SEP 207-C, the extent of contamination along North Walnut Creek and South 
Walnut Creek, and the effectiveness of the ITS. The Lower HSU bedrock wells are designed to 
evaluate the vertical extent of contamination and to provide information on the vertical ground water 
flow directions. Additional unweathered bedrock wells may be installed if they are determined to be 
necessary in order to characterize the vertical extent of contamination. 

Borehole drilling will be performed, where possible, with a resonant sonic drill rig without 
drilling fluids, and, where necessary, with a track-mounted or truck-mounted hollow-stem auger rig. 
The sonic rig is preferable because it produces little cuttings, thereby minimizing disposal of 
investigative-derived materials. Sampling runs using either drilling method will be adapted to sample 
recovery conditions encountered in the field. 

All hollow-stem auger drilling and sampling will be performed according to SOP GT.02 (Drilling 
and Sampling using Hollow-Stem Auger Techniques) or SOP GT.04 (Rotary Drilling and Rock Coring) 
which has been modified for resonant sonic drilling and sampling. Continuous core will be collected 
for lithologic description and logged according to SOP GT.01 (Logging Alluvial and Bedrock Material). 
When feasible, the continuous-coring method will be used to collect samples; drive sampling will be 
used when warranted by field conditions. Samples collected for geotechnical analysis will be collected 
in 9-inch stainless steel sleeves, or as specified by the receiving laboratory. Drilling and sampling 
equipment decontamination will be performed according to SOPs F0.03 (General Equipment 
Decontamination), F0.04 (Heavy Equipment Decontamination), and FO.08 (Handling of Drilling Fluids 
and Cuttings). e 
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A variety of geotechnical and geochemical tests/analyses will be performed on the core 
samples. It may not be possible in every case to satisfy the sample requirements of all tests from a 
single core, in which case a twin core boring may be required. The tests/analyses to be performed, 
along with a description of the procedure and a rationale, are provided in Section 5.4. 

Ground water monitoring and pumping wells will be constructed as specified in SOP GT.06 
(Monitoring Wells and Piezometer Installation). SOP GT.03 (Isolating Bedrock from Alluvial with 
Grouted Surface Casing) will be followed, as appropriate. Depending on the lithologies observed, it 
may also be necessary to isolate bedrock sandstone from bedrock claystone, particularly where 
bedrock sandstone contamination is suspected. Where surficial soil contamination occurs now or is 
suspected, a temporary short (1 2-1 8") surface casing will be installed to prevent contaminated surficial 
soil from moving downhole. Figures 5.3-1, 5.3-2, and 5.3-3 illustrate well completion details at the 
ground surface, in unconsolidated materials wells, and in bedrock wells, respectively. Monitoring wells 
placed in high traffic areas will be protected by steel posts placed around the wells, as described in 
SOP GT.06. 

Four rounds of ground water samples will be collected during the Phase II RFVRI. Ground water 
sampling will be performed by the EG&G subcontractor responsible for those activities. The first 
sampling event will occur within the first two weeks after the wells have been developed. Well 
development and ground water sampling will follow the procedures outlined in SOPs GW.02 (Well 
Development), GW.05 (Field Measurement of Ground Water Field Parameters), GW.06 (Ground Water 
Sampling), F0.05 (Handling of Purge and Development Water), and F0.07 (Handling of 
Decontamination and Wash Water). 

5.3.5 Surface Water, Seeps, and Sediment Sampling 

Water flow monitoring, water sampling, and sediment sampling will be performed at 17 surface 
water or seep locations at OU4. This includes four stations along North Walnut Creek, four stations 
in the ITS, and nine stations at ditches, culverts, and trench sumps, primarily north of the SEPs. 
Sediment sampling will be conducted at  four locations: one in Bowman's Pond and three at seeps north 
of the SEPs. Automatic sampling and flow monitoring equipment will be installed at seven locations, 
and surface water collection stations will be established at two seeps. Additional seep sampling 
locations may be established at designated wetland locations in OU4, as appropriate. 

At several automated monitoring sites, it will be necessary to install flumes to collect accurate 
discharge data. Installation will be determined based upon field conditions. Applicable SOPs for 
automated monitoring include SW.04 (Discharge Measurement), SW. 10 (Event-Related Surface-Water 
Sampling), and SW. 1 1 (Operation and Maintenance of Stream-Gauging and Sampling Stations). 

The installation of a surface water collection station at the two seep locations is outlined in 
SW.03 (Surface Water Sampling). The procedure involves burying a stainless steel bowl in the seep 
so water can accumulate to a depth sufficient for sampling. Procedures for collecting a sediment 
sample from Bowman's Pond are detailed in SW.06 (Sediment Sampling) and SW.17 (Pond and 
Reservoir Bottom Sediment Sampling). A single grab sample from the center of Bowman's Pond will 
be collected using the Eckman Grab Sampler as described in Appendix 6 of SOP SW.17. This sampler 
typically collects sediment to a depth of 2 to 3 centimeters below the pond bottom. The sampler will 
be deployed repeatedly until a sufficient sample is obtained. The mechanics of deploying the Eckman 
sampler (i.e. with an extension boom from the shore or from a boat) will be determined based on field 
conditions. 

OU4 Phase I I  
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General SOPS applicable to all surface water activities include SW.01 (Surface Water Data 
Collection) and SW.02 (Field Measurements of Surface Water Field Parameters). 

5.3.6 Infiltration and Recharge Tests 

Single-ring infiltrometer tests will be conducted to provide data for calculating water balance 
and estimating recharge to the Upper HSU. The number of tests and testing instrumentation and 
procedures will be provided in TM5. 

5.3.7 Interceptor Trench System 

As previously described, water flow monitoring and sampling will be performed at two locat 
ions in the ITS; the ITPH manhole/wet well and at the Southern Extension manhole. At each 
manhole/wet well there are two 4-inch diameter pipes to be monitored for flow and sampled for wa 
ter quality. Four pipes will be monitored: 1) western pipe and 2) eastern pipe of the Southern 
Extension, and the 3) western header pipe and 4) eastern header pipe of the ITPH. In addition, wat 
er level data from the manholes and wet wells will be collected to determine if inundation of the 
manholes occur during large precipitation events. 

Flow monitoring devices will be installed in each of the four pipes entering the manholes/wet 
wells. These devices will be capable of monitoring flow at less than full pipe flow. Water sampling 
at each pipe will be performed on a monthly basis. To monitor manhole overflow, a pressure 
transducer inside a slotted PVC screen will be installed at each manhole/wet well location. Water fl 
ow data and manhole inundation data will be recorded by multi-channel data loggers installed at  the 
surface near each manhole. 

0 
Equipment installation may require confined space entry into the manholes/wet wells. Routi 

ne monitoring, sampling and data logger downloading will be performed at the surface and will not 
require confined space entry. Data logger equipment previously used on OU4 Phase I will be used. 

Flow monitoring will be performed according to SOP SW.02 (Field Measurement of Surface 
Water Parameters) with water sampling following procedures outlined in SW.03 (Surface Water 
Sampling) and SW.16 (Sampling of Incidental Waters). 

5.3.8 Aquifer Testing 

5.3.8.1 Slug Tests 

Slug tests will be performed according to SOP GW.4, Revision 2 (effective March 1, 19921, 
which specifies the performance of slug injection tests. In accordance with the referenced procedure, 
the slug test data from unconfined aquifers will be analyzed using the method described by Hvorslev 
(1 951 I .  Data collected from confined aquifers will be analyzed according to Cooper et  al. (1 967). In 
addition, all slug test data will be analyzed using the method described by Bouwer & Rice (1 976) and 
Bouwer (1 989). If the static water level in the well is below the top of the screened interval, then only 
slug withdrawal tests will be performed. 

5.3.8.2 Pumping Tests 

Pumping tests will be performed in accordance with SOP GW.08. Step drawdown and 
constant discharge tests will be performed. 

OU4 Phase II 
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Constant-rate pumping tests will be designed and performed according to SOP NO. GW.8, 
Revision 1 (effective March 1, 1992). As stated in this SOP, a step-drawdown test will be performed 
prior to each constant-rate pumping test in order to select the optimum pumping rate and pump depth 
for the constant-rate test. In addition, a recovery test will be performed following the completion of 
each constant-rate pumping test. During the recovery test, the rate of water-level recovery in the 
pumping well and observation wells will be recorded at a frequency similar to that used during the 
constant-rate test. The recovery tests will continue until water levels have recovered by at least 80 
percent. 

5.3.8.3 Tracer Tests 

A variety of tracer tests will be evaluated for applicability at OU4, including single-well injection 
and withdrawal tests, borehole dilution tests, and multi-well uniform flow and radial flow tests. The 
specific tests and methodologies will be identified in TM5 after evaluation of the previous tracer tests 
completed at the RFETS. 

5.4 Analytical Requirements 

The suites of analyses, lists of specific analytes, and analytical methods planned for the Phase 
I1 investigation are described below. Since the integration of current and historical analytical data will 
be a continuous process, the Phase 11 analytical program may evolve beyond what is anticipated, and 
the list of analytes proposed for the respective media may change with analytes added or deleted, as 
appropriate. 

5.4.1 Specific Conductance and Nitrate Survey 

As previously described, the in situ field screening tests to be conducted during the initial phase 
of the field activities includes measurements of specific conductance, temperature, and nitrate. 
Specific conductance and temperature measurements will be made in situ in monitoring wells, 
piezometers, seeps, and at locations along North Walnut Creek using an electronic probe. The nitrate 
analyses will be made using the cadmium-reduction spectrophotometric method specified in SOP 
GW.05. This method is applicable for nitrate concentrations ranging from 1 to 30 mg/l. For samples 
that are presumed to have nitrate concentrations greater than 30 mg/l (based on specific conductance 
measurements), the appropriate dilutions using deionized water will be made in the field. 

If well points are installed during the Phase I I  RFI/RI, specific conductance measurements and 
nitrate analyses will be made on the samples extracted from the well points. Specific conductance will 
be measured using an electronic probe, and nitrate analyses will be made using the cadmium-reduction 
method, as above. 

5.4.2 Ground Water 

Section 3, Data Evaluation and Summary, provided a synopsis of the contaminants historically 
detected at OU4. From that analysis, the following conclusions were made: 

Surface soils appear to have been impacted by radionuclides, SVOCs, metals, and 
nitrate. Pesticides and PCBs were analyzed for, but not detected. 

Subsurface soils appear to have been impacted by nitrate, radionuclides and metals. 
SVOC contamination appears minimal and significantly less than that observed in 
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surface soils. 
pesticides or PCBs. 

Subsurface soils do not appear to have been impacted by VOCS, 

' .  

Unconsolidated materials ground water is affected by radionuclide, VOC, certain 
inorganic (e.g., nitritehitrate, TDS, etc.) and metal contaminants. The limited 
analytical data for SVOCs, pesticides, and PCBs in ground water at OU4 suggest that 
they may not be significant contaminants. 

Weathered bedrock ground water is also affected by radionuclide, VOC, certain 
inorganic (e.g., nitritehitrate, TDS, etc.) and metal contaminants. VOC contamination 
in bedrock ground water is significantly lower than in the overlying ground water. A s  
with the alluvial ground water, there is only limited data for SVOCs, pesticides, or 
PCBs. 

The unweathered bedrock (Lower HSU) ground water exhibits sporadic and 
inconsistent detections of metals, inorganics, or radionuclides. The existing data do 
not conclusively signify contamination of any type. Further investigation is warranted 
and is proposed. 

The ground water analytical program developed for the Phase II RFI/RI is focused on the 
analytical suites that have historically been detected in OU4, including VOCs, radionuclides, metals, 
and general inorganic water quality parameters. In response to regulatory agency concerns waste 
constituents being released from the SEPs, the ground water monitoring list presented in Appendix IX 
of 40  CFR Part 264 will be analyzed during the first round of sampling to test for waste constituents 
that had not previously be analyzed. A list of these specific chemicals is presented in Table D-1 of 
Appendix D to this Work Plan. Upon completion of that round of sampling, the Phase II analyte list will 
be reduced to the parameters listed in Table D-2 of Appendix D, unless the data indicates the presence 
of chemicals not included in that table. The ground water analytical program is also designed to 
address possible VOC sources outside the OU4 boundary, which is suspected because of the apparent 
disparity between the lack of substantiable VOC contamination in subsurface soils and the 
demonstrated VOC contamination in the Upper HSU ground water system. 

5.4.3 Surface Water and Seeps 

The site conceptual model suggests that ground water being discharged to surface waters 
(North Walnut Creek) and seeps is a viable migration pathway and thus, some limited sampling and 
analysis of surface waters contiguous to OU4 is planned. These data are designed to augment the 
abundant surface water quality information from the RFETS surface water program and the OU6 and 
OU7 investigations. Surface water and seep analytical results are expected to be similar to ground 
water upgradient of those particular locations. At locations where additional surface water quality data 
are necessary, the following contaminant suites will be analyzed: the first round of samples will be 
analyzed for Appendix IX constituents (Table D-I ), radionuclides and general inorganic water quality 
parameters (Table D-21, and TCL VOCs, metals, radionculides, and general water quality parameters 
will be analyzed in subsequent rounds. SVOCs, pesticides, and PCBs are not anticipated to be present 
and thus are eliminated from subsequent rounds of sampling unless the Appendix IX data indicates 
otherwise. Table 5.2-3 provides the sampling schedule for the existing surface water gaging and 
sampling stations included in the Phase II RFI/RI. 
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5.4.4 Sediments, Soils and Bedrock 

Sediments: Four sediment samples will be collected during the Phase II RFI/RI: one from 
Bowman's Pond and three from seep areas north of the SEPs that have not previously been sampled. 
It is likely that ground water discharging to the seeps is responsible for the contamination suspected 
in those areas. The sediments will be analyzed for the same parameters as ground water; which 
include VOCs, radionuclides, metals, and general inorganic water quality parameters. 

Surface Soils: It is not envisioned that additional surface soil data will be necessary to support 
attainment of the Phase II RFI/RI objectives previously identified. This is based on consideration of the 
abundance of surface soil data collected in Phase I and the unlikely event that surfacial soil 
contamination could have a significant impact on alluvial or bedrock ground water. However, 
additional surficial soil samples may be collected if it is determined that they are necessary to fully 
complete the Phase I (source and soils) objectives. This will be determined after evaluating all available 
surficial soil data collected outside of OU4 for the OU6, OUIO, and integrated operable unit remedial 
investigations. If additional surficial soil samples are required, they will be analyzed in accordance with 
the FSP described in the Phase I RFI/RI Work Plan and report. 

Subsurface Soils and Bedrock: A variety of geotechnical and geochemical tests/analyses will 
be performed on core samples to support characerization, contaminant fate and transport analyses and 
physical characteristics of the water-bearing units necessary to support CMS/FS evaluations. Specific 
tests to be conducted, the rationale for their selection, and a description of the test methodology is 
presented in Table 5.4-1. It may not be possible in every case to satisfy the sample requirements of 
all tests from a single core, in which case a twin core boring may be required. 

Additional contaminant analysis of unsaturated zone soils (beyond the Phase I efforts) is not 
likely to provide additional data to assess the ground water objectives in Section 4.4. This is 
particularly significant in locations that are outside the immediate area of the SEPs. If, however, field 
instruments that measure volatile organics and radionuclides detect the presence of those constituents, 
samples may be collected for laboratory analyses for VOCs, radionuclides, metals, and selected cations 
and anions (such as nitrate). This decision will be made in the field. As described in the Phase I RFI/RI 
report, SVOCs, pesticides, and PCBs were not detected to any appreciable extent in soils, and will not 
be included in any additional soil sampling efforts. 

5.4.5 Interceptor Trench System 

Water samples from the ITS will be analyzed for the same analytes as ground water: Appendix 
IX constituents, radionuclides, water quality parameters, and then subsequently TCL VOCs, 
radionuclides, metals, and water quality parameters. 

5.5 Quality AssurancelQuality Control Procedures 

The following sections describe the procedures for maintaining the collection of defensible and 
high quality data. 
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5.5.1 Sample Containers, and Preservation and Holding Times 

Sample volume requirements, preservation techniques, holding times, and container material 
requirements are dictated by the analytical method and the analyses to be performed. The analytical 
parameters pertinent to the OU4 Phase II program, along with the associated container size, 
preservatives (chemical and/or temperature), and holding time recommendations for aqueous samples, 
are listed in Table 5.5-1 - The same information for the non-aqueous samples is presented in Table 5.5- 
2. Additional specific guidance on the appropriate use of containers and preservatives is provided in 
SOP FO. 13, Containerizing, Preserving, Handling, and Shipping of Soil and Waste Samples. 

5.5.2 Data Documentation 

Sample control and documentation are necessary to ensure the defensibility of data and to 
verify the quality and quantity of work performed in the field. Accountable documents include 
logbooks, data collection forms, sample tags and/or labels, chain-of-custody forms, photographs, and 
analytical records/reports. Specific direction defining the necessary sample control, identification, and 
chain-of-custody documentation is discussed in SOP FO. 14. Accountable documents are the property 
of EG&G. 

Field data (e.g., samples taken and shipped) will be input to the Rocky Flats Environmental 
Database System (RFEDS) using a remote-entry module supplied by EG&G. Data will be entered as 
soon after the sampling events as possible, and a computer disk with the applicable files will be 
delivered to EG&G. A hardcopy report will also be generated and forwarded to EG&G. The data will 
undergo the QC process described in SOP FO. 14. 

0 
A sample tracking spreadsheet will be maintained for use in tracking sample collection and 

shipment. These data will also be delivered to EG&G on a computer disk. Computer hardware and 
software requirements for contractors using government-supplied equipment will be supplied by EG&G. 
Computer and data security measures will also follow procedures provided by EG&G. 

5.5.3 Field Quality Control Procedures 

Sample duplicates, field preservation blanks, and equipment rinsate blanks will be prepared. 
The analytical results obtained for these samples will be used to assess the quality of the field sampling 
effort. The types of field QC samples to be collected and their applications are discussed in this 
section. The frequency of OC sample collection and analysis is provided in Table 5.5-3. The required 
laboratory deliverables for this investigation are listed in Table 5.5-4. 

Duplicate samples will be collected by the sampling team for use as a relative measure of the 
precision of the sample collection process. These samples will be collected at the same time, using the 
same procedures and equipment, and in the same types of containers as required for the regular 
samples. They will be preserved in the same manner and submitted for the same analyses as required 
for the regular samples. 
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TABLE 5.5-3 

FIELD QUALITY CONTROL SAMPLE FREQUENCY FOR WATER SAMPLES 

Sample Type Type of Analysis Sample Frequency 

Duplicates 

Field Preservation Blanks 

Equipment Blanks 

Organics 
lnorganics 
Radionuclides 

Organics 
lnorganics 
Radionuclides 

0 r g a n i c s 
lnorganics 
Radionuclides 

1/10 
1/10 
1/10 

not collected 
1 120 
1/20 

1 I20 
1 120 
1 120 

e 111 0 = one QC sample per 10 samples collected 
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TABLE 5.54 
REQUIRED LABORATORY DELIVERABLES FOR ALL ANALYTICAL METHODS 

Method Requirements Laboratory Deliverables, Level IV/V 

Requirements for all methods: 

- Project identification Case narrative 

- Field sample number Signed chain-of-custody (COC) forms 

- Laboratory sample number Signed COC forms 

- Sample matrix description Signed COC forms 

- Date of sample collection Signed COC forms 

- Date of sample receipt at laboratory Signed COC forms 

- Analytical method description and 
reference citation 

- Dates of sample preparation and analysis 
(including first run and subsequent runs) 

- Quantitation limits achieved 

- Dilution or concentration factors 

- Summary analytical batch report 

- Discussion of unusual circumstances, 
problems, and non-conformances 

- Laboratory Control Sample (LCSI results 

p A copy of all raw laboratory analytical 
data showing sample identification 
number and date of analysis 

- A copy of the sample preparation 
data form for each method indicating 
sample identification number, batch 
identification number, and date of 

Case narrative 

Specific deliverable depends upon 
type of analysis (see below) 

Specific deliverable depends upon 
type of analysis (see below) 

Specific deliverable depends upon 
type of analysis (see below) 

Identifies analytical batch samples, 
method of analysis, laboratory 
identification number of each 
environmental sample, plus 
identification number of each batch 
QC sample. 

Case narrative 

LCS % Recovery form 

No standardized format 
(chromatograms, mass spectra, 
and data system printouts) 

No standardized format 
(preparation, extraction, or 
digestion data) 
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TABLE 5.54 (continued) 

REQUIRED LABORATORY DELIVERABLES FOR ALL ANALYTICAL METHODS 

Method Requirements Laboratory Deliverables Level IV/V 

preparation 

Summary report identifying each analytical 
batch, method of analysis, laboratory 
identification number for each environmental 
sample, and the laboratory identification 
number of each batch QC sample (including 
MS/MSD, calibration check, etc.) 

Requirements for organic analytical methods: 

- Sample data sheets 

- Surrogate recoveries. Surrogates to be 
used in volatiles, semivolatiles, and 
pesticide/PCB analyses 

- Matrix spike/matrix spike duplicate 

- Method blank analysis 

- GUMS instrument performance check. 
Tuning and mass calibration using 
bromofluorobenzene (BFB) for method 
SW8240 

- GUMS initial calibration data for volatile 
analyses 

- Calibration data for pesticide/PCB 
analyses 

- GC initial calibration data, for volatile and 
semivolatile analyses 

- Tests requiring calibration factors 

- GC/MS continuing calibration data. No 
chromatograms or mass spectra are presented 
for calibration. These data should be filed 
in the laboratory and should be available if 
problems arise in reviewing/validating the data. 
The calibration information should be available 
for checking during onsite audits 

No standardized format 

CLP Form 1 or equivalent 

CLP Form 2 or equivalent 

CLP Form 3 or equivalent 

CLP Form 4 or equivalent 

CLP Form 5 or equivalent 

CLP Form 6 or equivalent 

CLP Forms 6E, 6F, 7D, 7E or the 
equivalent 

CLP Forms 6A, 6B, 6C, or the 
equivalent 

A form with five columns for 
multilevel calibration factors 

CLP Form 7 or equivalent 
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TABLE 5.5-4 (continu 

REQUIRED LABORATORY DELIVERABLES FOR 1 

Method Requirements 

- GC continuing calibration data for volatile 
analyses. If calibration factors are used, 
calibration factors and their percent 
differences from the initial calibration 
must be reported. Retention time windows 
and analyte retention times must be included 
in this form 

- GUMS internal standard area and retention 
time summary data 

- GC second column confirmation. To be done 
for all compounds that are detected above 
reporting limits 

- Preparation Log 

- Analysis Run Log 

Requirements for inorganic analytical methods 
Metals: 

- Sample data sheets 

- Initial and continuing calibration 

- Method blank, taken through sample 
preparation 

- ICP interference check sample 

- Spike sample recovery 

- Post-digestion spike sample recovery 
for ICP metals 

- Post-digestion spike for GFAA 

- Duplicate samples 

- Laboratory control sample 

~ Standard addition results 

ICP serial dilutions 
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.L ANALYTICAL METHODS 

Laboratory Deliverables Level IV/V 

A form similar t o  CLP Form 7, or 
equivalent 

CLP Form 8 or equivalent 

Chromatograms of all confirmations 
of all samples and CLP Form 10 or 
equivalent for all positive results 

No standardized format 

No standardized format 

CLP Form 1 or equivalent 

CLP Form 2 or equivalent 

No standardized format 

CLP Form 4 or equivalent 

CLP Form 5A or equivalent 

CLP Form 58 or equivalent 

Recovery will be noted 

CLP Form 6 or equivalent 

CLP Form 7 or equivalent 

CLP Form 8 or equivalent 

CLP Form 9 or equivalent 
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TABLE 5 - 5 4  (continued) 

REQUIRED LABORATORY DELIVERABLES FOR ALL ANALYTICAL METHODS 

Method Requirements Laboratory Deliverables Level IVN 
____ ~~ 

- instrument detection limits [quarterly) 

- ICP interelement correction factors (annually) 

ICP linear ranges (quarterly) 

- Preparation log 

.. Analysis run log 

Requirements for other methods: 

- 
- Sample results 

- Laboratory control sample 

- Method blank results 

- Initial Calibration results 

- Continuing Calibration check 

Preparation and analysis run logs 

difference from initial calibration 

Spikekpike duplicate results 

CLP Form 10 or equivalent 

CLP Form 11A and 11 or equivalent 

CLP Form 12 or equivalent 

CLP Form 13 or equivalent 

CLP Form 14 or equivalent 

No standardized format 

No standardized format 

Control chart 

No standardized format 

No standardized format 

No standardized format. Report percent 
relative standard deviation or percent 

No standardized format 

Notes: CLP Contract Laboratory Program; 
PCB polychlorinated biphenyls 
GC gas chromatography 
MS mass spectrometry 
ICP inductively-c,oupled plasma 
GFAA graphite furnace atomic absorption 
MSIMSD Matrix spike/matrix spike duplicate 

All soil samples must be reported in dry weight. 
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' Field preservation blanks of distilled water, preserved according to the applicable preservation 
method, will be prepared by the sampling team and will be used to provide a verification of the 
preservation methodology or an indication of any contaminants introduced during the field preservation 
process. Field preservation blanks are not required for volatile organic analyses because no chemical 
preservatives are used. 

Equipment (rinsate) blanks will be collected during the final decontamination rinsate to evaluate 
the success of the field sampling teams' decontamination efforts on non-dedicated sampling 
equipment. Equipment blanks will be obtained by rinsing cleaned equipment with distilled water. The 
rinsate is collected and placed in appropriate sample containers. Equipment rinsate blanks are applicable 
to all analyses for water, as indicated in Table 5.5-3. 

5.6 Air Monitoring Programs 

Routine and event-based air monitoring programs are operational during field activities. 
Approved plant technical procedures and DOE'S Plan for Prevention of Contaminant Dispersion (PPCD) 
are implemented for all OU activities with the potential to release air contaminants. Real-time air 
sampling for worker safety protection (Health and Safety) is part of the overall monitoring effort, 
following the Radiological Ambient Air Monitoring Program (RAAMP) which uses filter 
medium/analytical analysis for determining low levels of radiological parameters. 

Air quality monitoring requirements for activities, such as well drilling and construction 
activities, where there is a significant potential for producing measurable quantities of suspended 
particulates, include: 

0 
On-site, perimeter, and community RAAMP monitoring; 

Worker protection monitoring at the drill/sample site with hand-held, real-time 
instruments to provide total suspended particulate (TSP) measurements; and 

Any additional worker health and safety, or environmental monitoring as required by 
the site-specific Health and Safety Plan, or plant requirements. 

5.7 Disposition of Wastes 

The disposition of wastes derived from RFI/RI field investigations at RFETS is an important and 
costly issue. Efforts have been made in the design of this field program to, wherever possible, 
minimize the wastes generated. The primary consideration for waste minimization decisions was that 
the quality of the data and the investigation would not be compromised to achieve fewer wastes; 
however, in any field program of this magnitude, some wastes in the form of drill cuttings and water 
are inevitable. This section presents the plan for the disposition of the wastes that will be generated 
during the Phase II field investigation. 

5.7.1 Investigation-Derived Materials 

Investigation Derived Materials (IDM) generated during the RFI/RI field program will consist 
primarily of drill cuttings from borings and well installations. An effort has been made in the design 
of the Phase II investigation to use drilling techniques that have been proven to generate the least 
amount of cuttings. Sonic drilling appears to be the best option to meet this criterion. Sonic drilling 
cannot be used at OU4 in locations with limited access; a smaller rig is the only option for those 

OU4 Ph- II 
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locations. Therefore, a combination of drilling equipment and methodology has been designed into this 
plan. 

EPA- and CDH-approved procedures for the disposition of wastes at RFETS will be 
implemented. That procedure requires that cuttings be drummed at the site and managed according 
to SOP F0.23. This procedure includes numbering, cataloging, and periodic inspection of the drums 
while awaiting laboratory analytical results. The final disposition of these drums will be managed in 
accordance with SOP F0.29. 

5.7.2 Investigation-Derived Waters 

Waters generated during this field investigation are expected to include only well waters from 
pump tests, well development waters, and well purge waters. These waters will not be different from 
the waters currently generated under the quarterly ground water monitoring programs, and will be 
managed similarly. Waters generated during this field investigation will be handled according to SOP 
F0.5, Handling of Purge and Development Water. The stored waters will be classified as 
uncontaminated, contaminated, or uncharacterized and will be disposed at  either the RFETS 
decontamination facility (uncontaminated), a designated RFETS water treatment facility (contaminated, 
treatable), or at a 90-day storage area (contaminated, untreatable). Conformance to SOP F0.5 
specifications will require coordination between the subcontractor's site manager, EG&G Geosciences 
personnel, and EG&G Waste Operations personnel. e 
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SECTION 6 SCHEDULE 

The schedule for implementation of the OU4 Phase I 1  RFI/RI is presented in Table 6.0-1. This 
schedule is based upon the IAG and all subsequent schedule adjustments agreed to by the DOE, EPA, 
and CDH. 

The schedule reflects the implementation of the phased, observational approach as described 
in Section 5.0 (Field Sampling Plan). It illustrates the logical progression of field activities that are 
dependent on the results generated during the implementation of previously executed field actions. 
For example, the geophysics activities are finalized and implemented based on the results of the 
conductivity/field nitrate survey. Similarly, the well point installation (geoprobe) program will be sited 
and implemented based on compilation of results generated from the conductivity/field nitrate and 
geophysics screening. The integration of all relevant historical data with the results generated during 
the initial phases of the OU4 Phase I I  RFI/RI field program will directly support the preparation of 
Technical Memorandum #5. Technical Memorandum #5 will clearly specify the optimal placement of 
new monitoring wells such that the overall OU4 Phase II RFI/RI program objectives may be best 
satisfied. 

Field activities for the OU4 Phase I I  RFURI are scheduled to begin in October, 1994 and 
conclude in late June, 1995. This field schedule provides the opportunity to evaluate seasonal 
fluctuations in with groundwater quality and the hydraulic system underlying the Solar Evaporation 
Ponds and the surrounding buffer zone areas. 

OU4 Phase I I  
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SECTION 7.0 BASELINE RISK ASSESSMENT 

This section summarizes the baseline risk assessment (BRA), including the environmental 
evaluation (EE) and the human health risk assessment (HHRA), and delineates the methodology 
designed to determine the overall risk to both the environment and human health from potentially toxic, 
contaminants present at OU4. The baseline condition for this BRA takes into consideration that the 
engineered cover and subsurface liner system proposed in the OU4 Phase I IM/IRA Decision Document 
will eliminate further migration of contaminants and further degradation of ground water over the long- 
term. The OU4 Phase I IM/IRA design foot print is assumed to cover all of IHSS 101. It is also assumed 
that the remaining surfaces of OU4 have not been remediated as part of the Phase I IM/IRA. Section 
7.1 summarizes the HHRA methodology, while Section 7.2 presents the ecological risk assessment 
methodology. 

The HHRA and EE are the two integral components of the OU4 BRA. Both components 
consider the OU4 conceptual model of site conditions, contaminants, and exposure pathways with 
respect to determining risk to potentially exposed populations. However, there are procedural 
differences in evaluating the data against the site conceptual model. These are discussed in general 
below. 

Human health risk'assessment and environmental risk assessment are procedurally different, 
but they share common information needs for chemical sampling and environmental data. Data 
requirements on stressors (any physical, chemical, or biological entity that can induce an adverse 
effect) will vary from site to site for PHE and EE reports. These data are used to provide an analysis 
of baseline risks and to help determine the need for possible remedial action at sites within the study 
area. The ecological risk assessment for the OU4 EE differs distinctly from the PHE in its emphasis 
in five areas: 

Ecological risk assessment considers effects beyond those on individuals of a single 
species (i.e., Homo sapiens) and examines impacts at population, community, or 
ecosystem levels. 

. No single set of ecological values can be generally applied for the EE. The values ( e a ,  
level of acceptable diversity) are selected from a number of possibilities based on both 
scientific and policy considerations. 

Only chemical stressors that are bioavailable need to be considered for the EE; thus 
COCs will be different. 

Only noncarcinogenic stressors are assessed in the EE; thus the COCs will be different. 

Flexibility is important in designing both human health and ecological risk assessments. Unique 
models or methods play an ever-increasing role in attempts to determine the effects of Contaminants 
in the ecosystem. Knowledge of toxicology and ecology are combined to assess variations in both 
natural and anthropogenic sources of stress in the ecosystem in which humans and wildlife coexist. 

0 
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Ecological impacts can cause loss of habitat and thereby loss of species. Loss of wildlife species, a 
common threat to humans, is a yardstick of overall environmental quality. 

7.1 Human Health Risk Assessment 

7.1.1 Summary of Process 

The IAG requires that the BRA for each OU include the toxicity and concentration levels of all 
hazardous substances present, contaminant fate and transport, the potential for human and/or 
environmental exposure, and the risk of potential impacts or threats to human health and the 
environment. The IAG further states that the BRA must provide the basis for determining whether or 
not corrective/remedial action is necessary and a justification for performing such corrective/remedial 
actions. Assumptions regarding the OU4 IM/IRA engineered cover, mentioned in Section 7.0, will be 
considered for this BRA. 

Section 300.430(d) of the NCP states that as part of the remedial investigation, a Human 
Health Risk Assessment (HHRA) must be conducted as part of a BRA to determine whether, in the 
absence of remedial action, COCs identified at the site pose a current or potential risk to human health 
and the environment. This section describes the HHRA and the following component elements: 

Contaminant identification 

Exposure assessment 

Toxicity assessment 

Risk characterization 

Uncertainty analysis 

The primary references to be used in conducting the BRA will include, but not be limited to, 
the following: 

Integrated Risk Information System (IRISj, €PA, 1 993a. 

Guidance for Data Usability in Risk Assessment, Interim Final (EPA/540/6-90/008), October 1 990. 

Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual (Part A, 
Baseline Risk Assessment), Interim Final. Office of Emergency and Remedial Response (EPA/540/1- 
8 9/002 1. 

Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual (Part 6 - 
Development of Risk-Based Preliminary Remediation Goals), Interim Publication 9285.7-01 B, December 
1991. 

022172uLZglsO.WPF O M  Rrr u 
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Risk Assessment Guidance for Superfund Volume I - Human Health Evaluation Manual Supplemental 
Guidance: "Standard Default Exposure Factors," Interim Final. Office of Emergency and Remedial 
Response, OSWER Directive 9285.6-03. 

Risk Assessment Guidance for Superfund Volume I - Human Health Evaluation ManuaIlPart C, Risk 
Evaluation of Remedial Alternatives), Interim Publication 9285.7-01 C, December 1991 . 

EPA Health Effects Assessment Summary Tables (HEASTI, Published by the Office of Research and 
Development and Office of Solid Waste and Emergency Response. 

Supplemental Guidance to RAGS: Calculating the Concentration Term. EPA, 1 992 Interim Bulletin VOl. 
1, Number 1. From Larry Reed, Director, Hazardous S&H Evaluation Division, to Regional Waste 
Management Division Directors. 

Dermal Exposure Assessment: Principles and Applications, EPA, 1 992/EPA/600/3-91 I01 1 B. 

7.1.2 Objectives of the Human Health Risk Assessment 

The approach to the HHRA component of the BRA is based on the EPA Risk Assessment 
Guidance for Superfund: Volume I - Human Health Evaluation Manual (PartA Baseline Risk 
Assessment) (RAGS) (EPA, 1 989). Other technical approach modifications will be evident throughout 
this section, based upon RFETS experience and meetings with EPA and CDH. 

@ 
Figure 7.1 -1 illustrates the BRA process taken from RAGS and modified by adding an additional 

step (the evaluation of uncertainty). The technical memoranda requirements specified by the IAG have 
also been added. 

This work plan provides a specific methodology to determine the nature and extent Of 

radioactive and hazardous materials noted in previous investigations; it also describes how to identify 
potential COCs and exposure pathways, estimate exposure concentrations to collect toxicity 
information to determine appropriate toxicity values, and characterize the potential for effects to occur. 
This work plan requires that uncertainty be evaluated through each step of the BRA, culminating in an 
overall quantitative HHRA uncertainty summary. 

Several objectives will be accomplished under the baseline HHRA task, including identification 
and characterization of the following: 

. Toxicity and concentration levels of hazardous substances present in relevant media 
(e.g., air, ground water, soil, surface water, sediment, and biota) 

Environmental fate and transport mechanisms within specific environmental media, and 
inter-media fate and transport where appropriate (this will be extracted primarily from 
the RFIIRI report work) 

Potential human and environmental receptors 



DATA COLLECTION AND EVALUATION 

Gather and analyze relevant site data 

Identify potential chemicals of concern 

Evaluate uncertainty 

Technical memorandum 

EXPOSURE ASSESSMENT 
Analyze contaminant releases 

identify exposed populations 

Identify potential exposure pathways 

Estimate exposure concentrations for pathways 

Evaluate uncertainty 

Technical memorandum 

TOXICITY ASSESSMENT 

Collect qualitative and quantitative toxicity 
information 

Determine appropriate toxicity values 

Evaluate uncertainty 

Technical memorandum 

RISK CHARACTERIZATION 

Characterize potential for adverse 
health effects to occur 
Estimatecancer risks 

Estimate noncancer hazard quotient 

Evaluate uncertainty 
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Potential exposure routes and extent of actual or expected exposure 

Extent of expected impact or threat, and the likelihood of the occurrence of such 
impact or threat (e.g., risk characterization) 

Level(s1 of uncertainty associated with the above ' 

7.1.3 Identification of Contaminants of Concern 

This section discusses two tasks for acquiring reliable radiological and chemical release and 
exposure data, and presents a protocol to identify COCs. The two tasks are: 

Summarize Data 

Select COC Criteria 

7.1.3.1 Summarize Data 

The objective of this task is to summarize all data available for use in the HHRA in preparation 
of further data evaluation activities. This task, then, identifies the historical data relevant to performing 
the HHRA, assembles the RFI/RI data, and establishes data formats to facilitate data evaluation. The 
following data attributes are important to this task: 

Site description 

Sample design with sample locations 

Analytical method and detection limit 

Results for each sample, including qualifiers 

Sample quantification limits and/or detection limits for nondetects 

Subtasks to be performed as part of this task include: 

0 Review of available site data (obtained during all phases of the RFI/RI and IM/IRA) 

0 Additional cycle of identification of data gaps 

s Analysis of chemicals and radionuclides detected at the site and their frequency Of 

detection 

0 Testing for statistical distribution of data, utilizing the "modified Gilbert Method" or 
other EPA-recommended methodology 

0 Development of data set for use in the risk assessment 
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Data collected during the RFI/RI process will be evaluated for use in developing the preliminary 
exposure scenarios for the site. Particular attention will be paid to the selection and evaluation of 
background levels of radionuclides and chemicals, since the HHRA quantifies increases in health risks 
posed by the site over health risks that could be expected if the site were not there. In general, 
synthetic organic chemicals detected at a site, unlike metals, are typically assumed to have zero 
background concentrations because they are produced by human activities and do not occur in nature. 
The proper and careful determination of background concentrations will be important in the subsequent 
attribution of risks to the site. 

This task has four key objectives, for which an inherent uncertainty will be quantified for each: 

0 Determine what contamination is present and at what level. Estimates of site 
contamination must be produced, including clear descriptions of the degree of 
confidence associated with each concentration value. 

0 Determine if site concentrations differ significantly from background concentrations. 
The comparison of data is performed using the null hypothesis at 
confidence level. 

a specified 

e Evaluate whether analytical data designed to identify and examine exposure pathways 
were collected. The sampling and analysis program as designed results in data of 
known quality that quantifies spatial and temporal variability. Also, identify an approach 
for interpreting the magnitude of observed values. 

e Evaluate analytical data with regard to characterizing exposure pathways. 
Heterogeneity should be considered, and hot spots need to be delineated. Hot spots 
will be identified as an area where contaminants are detected at a frequency of less 
than 5 percent, but have a maximum concentration of greater than 1000 times a risk 
based concentration (RBC) (see flow chart Figure 7.1-2). 

0 Evaluate contaminants found in blank samples. If a chemical is a common laboratory 
contaminant it will be retained in the risk assessment only if it is at least 10  times 
greater than the concentration of that chemical in the blank. If it is not a common 
laboratory contaminant, the chemical is retained as a COC if it is at least 5 times 
greater than the chemical concentration in the blank (EPA, 1 9 8 9 ~ ) .  

0 Evaluate Tentatively Identified Compounds (TICS) and determine if they need to be 
included as chemicals of concern in the risk assessment. The uncertainty in both the 
identity and concentration should be noted. 

The PARCC data quality indicators as outlined in Section 4.0 will be used to measure data 
usability in support of the risk assessment. Guidelines for evaluation of data validation as described 
in RAGS will be used in assessing data usability. These guidelines include the following nine steps: 

0221724828iW.wA 
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I .  Gather all data available from the site investigation and sort by medium. 

II. 

111. 

Evaluate the analytical methods used. 

Evaluate the quality of the data with respect to sample quantitation limits. 

IV. Evaluate the quality of the data with respect to sample qualifiers and codes. 

V. Evaluate the quality of the data with respect to blanks. 

VI. Evaluate TICS. 

VII. Compare potential site-related contaminants with background. 

VIII. Develop a set of data for use in the risk assessment. 

IX. Further limit the number of chemicals to be carried through the risk assessment 
(according to CDH/EPA Region Vlll approved data screening and aggregate techniques). 

During the conduct of these steps, CDH and the EPA remedial project manager (RPM) will be 
consulted to account for site-specific conditions. 

7.1.3.2 COC Selection Criteria 

Analytical results from OU4 field sampling will be screened to retain those contaminants most 
likely to contribute significantly as risks to human health. These COCs represent the most toxic, 
persistent, or mobile contaminants identified at OU4. RAGS sections 5.8, 5.9, and 10.4 (EPA, 1989) 
suggest methodologies for development of a set of contaminant data and information for use in the 
HHRA and further reduction in the number of contaminants. Generally, the list of chemicals Of 

potential concern include the following: 

Those chemicals positively detected in at least one CLP sample (RAS or SAAS)  in a 
given medium, including (a) chemicals with no qualifiers attached (excluding samples 
with unusually high detection limits), and (b) chemicals with qualifiers attached that 
indicate known identities but unknown concentrations (e.g., J-qualified data); 

Those chemicals detected at levels elevated significantly above levels of the same 
chemicals detected in associated blank samples; 

Those chemicals detected at levels elevated significantly above naturally occurring 
levels of the same chemicals. Sampling methodology and statistical tests used to 
determine background contamination of COCs will be in accordance with those 
mentioned in Sections 5 and 6 of The Background Geochemical Characterization Report 
for the Rocky Flats Plant (EG&G, 1993). 

ow flu" I 
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Those chemicals only tentatively identified, but either associated with the site based 
on historical information or confirmed by SAS; and/or 

Those transformation products of chemicals demonstrated to be present. 

If a large number of chemicals of potential concern are identified for OU4, a methodology for 
the reduction of the number of chemicals to be used in the quantitative HHRA may be employed. The 
necessity and rationale for eliminating chemicals from the quantitative HHRA will be developed after 
the list of potential contaminants is compiled. Consideration of the potential contaminant 
concentration with respect to historical information, detection frequency, concentration and toxicity, 
and concentrations in background are examples of activities which can be used to reduce the number 
of chemicals used in the quantitative risk assessment. 

The final COC criterion is to determine if any of the contaminants retained in the screening 
process are essential human nutrients. As stated in RAGS Section 5.9.4, "chemicals that are (1) 
essential human nutrients, (2) present at low concentrations (i.e., only slightly elevated above naturally 
occurring levels), and (3) toxic only at very high doses (i.e,, much higher than those associated with 
contact at the site) need not be considered further in the quantitative risk assessment. Examples of 
such chemicals are iron, magnesium, calcium, potassium, and sodium." (EPA, 1 989) Consequently, 
Contaminants that meet the essential nutrient criterion will not be considered further. 

Contaminants retained through the screening process represent the most prevalent, toxic, 
persistent, or mobile contaminants at OU4. These will comprise the list of COCs used in the 
quantitative HHRA. Adequate documentation will be prepared to justify inclusion or exclusion of 
specific contaminants as COCs. As required by the IAG Section VII.D.1 .a, a technical memorandum 
listing hazardous substances present within OU4 will be prepared and submitted to €PA and CDH for 
review and approval. The COCs selected from this list will be included in the technical memorandum 
with the known corresponding background concentrations. The memorandum will be submitted prior 
to the required submittal of the HHRA for OU4. 

7.1 -4 Exposure Assessment 

The exposure assessment component of the HHRA estimates the magnitude, frequency, 
duration, and route of exposure to humans, The magnitude of exposure is typically determined by 
measuring or estimating the amount of an agent available at exchange boundaries (e.g., the lungs, 
gastrointestinal tract, or skin) normalized for body weight over a specified time. Contact with the 
agent may lead to some absorption, the magnitude of which is of great importance in applying dose- 
response data for assessing health risks. 

Exposure assessments are performed using scenarios that define the conditions of exposure 
to contaminants at a site. An exposure scenario quantitatively defines the human populations that may 
be exposed, the frequencies and durations of exposure, the pathways of exposure (e.g., inhalation, 
drinking water, or dermal contact with soil), and the levels o f  contaminants in the air, water, or soil 
that the receptors may contact through the exposure pathways. 
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The exposure scenario will identify the site from which chemicals could be released, the 
potentially exposed populations, the exposure pathways through which the populations could become 
exposed, release concentrations used for modeling concentrations at points of exposure, and the 
assumptions used in estimating intake rates in humans. 

The exposure assessment will include the following activities: 

Identification of applicable exposure scenarios for present and future receptors 

Identification and evaluation of exposure pathways (fate and transport) applicable to 
exposure scenarios 

. Estimation of exposure point concentrations at the receptor location for each credible 
exposure scenario 

Estimation of intakes for each applicable pathway for each credible exposure scenario 

7.1.4.1 Identification of Actual or Potential Exposure Scenarios 

Exposure scenarios will be defined according to the guidance provided in RAGS. .Reasonable 
maximum exposure scenarios will be defined considering realistic contaminant migration and receptor 
intake. Examples of exposure scenarios for present and future receptors are: 

a 
Current population scenario. Current populations of site remedial investigators and 
construction or maintenance workers could have incidental contact via dermal 
absorption from soil, direct soil ingestion, inhalation of vapor phase contaminants, 
exposure to gamma radiation, or possibly inhalation of particulates from resuspended 
airborne contamination. 

Future population scenario. Future populations could potentially be exposed via the 
onsite industrial complex scenario if the plant is converted to a fully developed 
industrial location, or opened up for residential use. In either case, incidental contact 
from activities associated with exposures described in the above current population 
scenario could also apply. In addition, domestic use of ground water and other 
residential use exposure pathways will be considered. 

In either example, the Exposure Assessment Technical Memorandum (EATM) will discuss all 
exposure scenarios and respective pathways, and will determine which pathway is complete or 
incomplete for the human health or environmental risk calculations. The EATM will address the 
complete and incomplete pathways for both current and future exposure scenarios. The EATM will 
also include the evaluation of the ingestion of fruits and vegetables pathway as well as the ground 
water pathway. For each exposure pathway, the model parameters and other unique considerations 
(chemical and physical) will be summarized. These considerations will provide input necessary to 
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define the physical characteristics affecting contaminant mobility and transport. These data Support 
the calculation of exposure point concentrations. 

7.1.4.2 Identification of Actual or Potential Exposure Pathways 

After potentially exposed populations and exposure scenarios have been identified and 
characterized, exposure pathways can be traced from the site to identified receptor locations. Each 
exposure pathway describes a mechanism by which a hypothetical receptor is exposed to chemicals 
originating from the site. Exposure pathways consist of five elements (shown in Figure 7.1-3). These 
five elements are: 

Contaminant source 

Release mechanism of chemical to the environment 

Environmental transport medium (e.g., air, ground water, fugitive dust emissions, 
contaminant movement through soil, and soil runoff into water bodies) for the released 
contaminant 

Route of entry in humans (e.g., inhalation, ingestion, or dermal absorption) of the 
contaminated medium 

Potential point of human contact with the contaminated medium (e.g., breathing air, 
drinking water supplied from ground water, or exposure to contaminated soil) 

Only those exposure pathways deemed to be complete (where a plausible route of exposure can be 
demonstrated from the site to the receptor) will be quantitatively evaluated in the HHRA. 

7.1.4.3 Development of Exposure Concentrations 

Exposure point concentrations of COCs in soil, air, and water will be estimated using 
spreadsheet calculations and computer models. Environmental fate and transport and dose-response 
models will be used to estimate exposure point concentrations of COCs. Specific types of models 
which may be used include: unsaturated zone and ground water dispersion models, surface water 
dispersion models, airborne dispersion models, and exposure assessment models. These types of 
models are assessed on the basis of both technical and management objectives. Models in each 
discipline are evaluated with regard to a range of technical criteria which have been established as 
policies of the EPA by working groups consisting of nationally-recognized modeling committees (van 
der Heijde and Park, 1986). Concentrations of COCs are measured as discrete points, geostatistics 
(e.g., GEOPAKI, or by other methods to estimate volume. Typically, the concentrations of COCs in 
soil and ground water with known or suspected contamination are measured by sampling 
representative soils and ground water. These soil and ground water concentrations will be used as 
input to the emission, transport, and dispersion calculations to determine concentrations at the receptor 
location for each credible scenario. The estimated concentrations of COCs in each medium will be 
used to estimate the intake and resulting health risk to the receptor. a 
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Concentrations of COCs in soil are considered to be the primary pathway to the receptor. 
COCs in soil at OU4 were sampled and analyzed as part of Phase I. Indirect methods of estimating 
contaminants (such as radiological area surveys) were also conducted. Depending on the spatial 
variability of contamination of samples onsite, different averaging criteria may apply to each 
contaminant. Concentrations of COCs in soil will then be used to derive intake via ingestion and 
absoiption. The secondary pathways of exposure will be discussed in the following paragraphs. 

Emission models will be used to estimate the transfer of COCs from soil to air and to calculate 
exposure point concentrations. The magnitude of the risks from this pathway will depend on both the 
concentrations measured in soil and the transfer mechanism. A preapproved (EPA/CDH) dispersion 
model will be used to estimate the concentrations of airborne COCs at the selected exposure locations. 
These concentrations will be used in conjunction with estimates of intakes to derive scenario-specific 
exposure estimates. 

Contaminants can be resuspended and transported to other media (e.g., deposition on soil, 
surface water, or vegetation) through wind erosion or fugitive dust. Concentrations of COCs in soil, 
surface water and sediments, vegetation, meat, and milk are a function of the calculated 
concentrations in air, deposition rates, and various transfer functions; therefore, the calculated airborne 
and non-air transfer of contaminants will be used as input to the intake calculations. Volatilization 
rates are also estimated based on concentrations measured in soil samples. 

Surface runoff can provide a mechanism to transport contaminants to a receptor location. 
There is a surface water sampling program currently being conducted at RFETS. A limited sediment 
sampling program has been specified in Section 5.0 of this work plan. 

Infiltration/leaching of contaminants into the ground water has been summarized as a 
secondary pathway (Section 3.5). Contaminants in surface water or soils percolate from the soils 
through the subsurface media into the ground water. The ground water is brought to the surface via 
seepage and/or pumpage and used for industrial or domestic purposes. Irrigation water, for example, 
is taken up by biota, which is then ingested by humans. The exposure estimate for this pathway takes 
into account a series of transport coefficients and bioaccumulation factors. 

Bioaccumulation/bioconcentration is a release mechanism from contaminated soils, surface 
water, and ground water into flora and fauna. The combined effect of the various trophic levels 
through the biological pyramid can be considered; however, site history and previous risk assessments 
at the site indicate little contribution from bioaccumulation. 

Contaminants could also have been transferred via tracking by humans and/or animals. This 
transport of contaminated material (soil, plants, or debris) could potentially provide an additional link 
between the media and human receptors. Tracking has been referenced to "biota" which eventually 
leads to human ingestion as a route of entry. However, in reviewing the Historical Release Report 
(HRR) and future land uses, human tracking from investigative and remedial actions could be of greater 
concern. 
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7.1.4.4 Estimation of Intakes 

Environmental fate and transport modeling and/or monitoring data are used to estimate 
chemical concentrations in the transport media (i.e., soil, air, water) at the point of contact with the 
receptor. Such contact constitutes human exposure. Human exposure is expressed in terms of intake 
and is defined as the amount of a chemical substance taken into the body per unit body weight per 
unit time. Intake rates are calculated separately for each pathway. Intakes are typically expressed in 
units of milligram of substance per kilogram of body weight per day (mg/kg/day). Adjustments for 
absorption efficiency may be required for dermal routes of exposure. The adjustments include toxicity 
values (from administered to absorbed doses) and an adjustment for medium of exposure. 

The following assumptions and calculations are used to estimate intake in humans from 
exposure to chemicals in soil, air, ground water, and surface water. The magnitude of exposure to 
chemicals is influenced by frequency and duration of contact with these media. Also, the age of the 
potentially exposed individual will influence the extent of contact with these chemicals. Three 
categories of parameters can be used to estimate intake: 

Contaminant-related (exposure concentration) 

Characteristics of the exposed population (contact rate, frequency and duration Of 

exposure, inhalation rate, soil ingestion iate, drinking water consumption rate, skin 
surface area, and body weight, among others) 

Averaging time 

Concentrations used in the intake calculations generally will be based on the measures of 
central tendency parameters (i.e., mean) of the concentrations detected at the site. Standard 
statistical measures (e.g., histograms or goodness of fit) will be used to evaluate the data's statistical 
distribution. The "modified Gilbert Method", or the preferred method specified by EPA, will be used. 

Contact rate reflects the amount of impacted medium (i.e., air, soil, or water) to which an 
individual is exposed per unit time or event. Best professional judgment will be combined with EPA 
and CDH guidance to estimate these parameters based on site-specific considerations and a review of 
the pertinent scientific literature and EPA guidance documents. Any deviation from standard EPA 
default assumptions, and the rationale for its use, will be clearlv noted in the risk assessment 
document. 
follows. 

A brief discussion of the proposed parameter values and pertinent support literature 

Exposure frequency and duration. These site-specific parameters will be estimated 
following characterization of the potentially exposed populations. The population 
characterization data will be combined with EPA estimates of residence time (EPA, 
1991) to obtain an estimate of duration. Exposure frequency wilt consider human 
activity patterns. Studies of human activity patterns indicate that, for employed 
individuals, a relatively large fraction of time is spent in activities within one's home, 
in transit, or in one's workplace. A relatively small fraction of time is spent in all other 
activities. Under present and future use scenarios, this study will use the best 
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available data for site-specific population dynamics. The assumptions made for 
frequency of potential exposure will attempt to account for this information. If a long- 
term average contact rate is indicated by the exposure scenario being evaluated, then 
a daily exposure frequency will be used. 

Body weight and inhalation. These rates change during a lifetime; therefore, intake 
rates will differ with different age groups. For some exposure pathways, such as soil 
ingestion, exposure can occur throughout a lifetime, but the majority of exposure 
occurs during childhood (due to higher contact rates and lower body weights Of 

children). In these cases, exposures will be calculated separately for each age group. 
Lifetime exposure is calculated by taking the time-weighted average of exposure 
estimates over all age groups. Data obtained from the Supplemental Guidance 
Document (EPA, 1989a) and Draft Interim Final Policy and Guidance on Risk 
Assessments for Corrective Action at RCRA Facilities (CDH, 1993) will be used to 
obtain body weights and inhalation rates for different age groups. Where these values 
are not available, the Exposure Factors Handbook (EPA, 1989) will be consulted. 

Human intake. Estimates for each pathway will be calculated based on equations from 
RAGS (EPA, 1989a1, CDH (1 993), and other standard reference sources. Calculations 
will be based on the pathways and exposure scenarios developed for inclusion in the 
HHRA. The products of this subtask will be presented in the HHRA report and will be 
used to prepare the risk characterization. 

7.1.5 Toxicity Assessment 

This section describes the toxicity assessment approach used in identifying and/or developing 
toxicity constants for both carcinogenic and noncarcinogenic COCs. The toxicity assessment approach 
of the HHRA consists of three steps: 

Identifying and selecting appropriate toxicity criteria 

identifying potential adverse health effects 

Performing uncertainty analyses in toxicity assessments 

7.1.5.1 Potential Adverse Health Effects 

Toxicity assessment is the process of characterizing the relationship between the dose or intake 
of a substance and the incidence of adverse effects in the exposed population. Toxicity assessments 
evaluate results from studies with laboratory animals or from human epidemiological studies. These 
evaluations are used to extrapolate high levels of exposure, where adverse effects are known to occur, 
to low levels of environmental exposures, where effects can only be predicted based on statistical 
probabilities. The results of these extrapolations are used to establish quantitative indicators Of 
toxicity. 
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Health risks from all routes of exposure identified in Sections 7.1.4.3 and 7.1.4.4 will be 
characterized by combining the chemical intake information with numerical indicators of toxicity. 
These health-based toxicity criteria will be obtained through EPA-developed reference doses (RfDsl or 
slope factors (SFs) which are available in IRIS and the HEAST. If these sources of information do not 
contain health-based toxicity criteria for a particular chemical, a health-protective number will be 
derived using Agency methodology in conjunction with the Environmental Criteria and Assessment 
Office (ECAO) (RAGS, EPA, 1989a). 

These toxicity assessment tasks will result in a toxicological profile for each COC that will be 
submitted as a technical memorandum to EG&G for review by EPA and CDH for inclusion in the HHRA. 
These profiles will discuss the following: 

Acute and chronic toxic effects of these chemicals in humans 

Uncertainty associated with values (e.g., uncertainty factors, modifying factors, and/or 
weight of evidence if available) 

Environmental fate and transport (e.g., degradation process, products, mobility within 
each medium, and potential means of transport from one medium.to another) 

. ARARS, maximum contaminant levels, and other health-protective criteria for each 
chemical 

Toxic effects are divided into two classes for purposes of establishing quantitative indicators 
of toxicity: noncarcinogens and potential carcinogens. 

Noncarcinogens. The preferred numerical indicators of toxicity are EPA-derived RfDs. 
The RfDs for chemicals considered in the risk assessment will be obtained primarily 
from the IRIS data base or the HEAST. The RfD is based on the assumption that 
thresholds exist for certain noncarcinogenic toxic effects, such as cellular necrosis, but 
may not exist for other toxic effects, such as cancer. In general, the RfD is an 
estimate (with uncertainty spanning perhaps an order of magnitude) of a daily exposure 
to the human population (including sensitive subgroups) that will not result in 
appreciable risk of deleterious effects during a lifetime of exposure. 

Potential Carcinogens. Evidence of carcinogenicity of a chemical comes from two 
sources: lifetime studies with laboratory animals and human studies where excess 
cancer risk is determined by regulatory agencies. The results of any such derivation 
will be presented in the technical memorandum and the HHRA report. 

7.1.5.2 Uncertainty Analysis in Toxicity Assessment 

Uncertainty factors consist of applied mathematical conservatisms used to ensure health 
protective standards for all segments of the affected population. The oral RfD is derived from 
standards established for No Observed Adverse Effect Level (NOAEL), or Lowest Observed Adverse 
Effect Level (LOAEL), for the critical toxic effect by consistent application of uncertainty factors (UF) 
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and a modifying factor (MF). The UFs generally consist of multiples of 10 (although values less than 
10 are sometimes used), with each factor representing a specific area of uncertainty inherent in the 
extrapolation from the available data. The basis for application of UFs includes the following criteria 
described below. 

A UF of 10 is used to account for variation in the general population and is intended 
to protect sensitive subpopulations (e.g., elderly, children). 

A UF of 10 is used when extrapolating from animals to humans. This factor is 
intended to account for the interspecies variability between humans and other 
mammals. 

A UF of 10 is used when a NOAEL derived from a subchronic study, instead of from 
a chronic study, is used as the basis for a chronic RfD. 

A UF of 10 is used when a LOAEL is used instead of a NOAEL. This factor is intended 
to account for the uncertainty associated with extrapolating from LOAELs to NOAELs. 

Inhalation reference concentrations (RfCs) are derived from the NOAELs by applying UFs similar 
to those listed above for oral RfCs. Inhalation RfCs are generally reported as concentrations in air in 
milligrams per cubic meter (mg/m3) for continuous, 24-hour/day exposure, although they may be 
reported as a corresponding inhaled intake in mg/kg/day. A human body weight of 70 kg and an 
inhalation rate of 20 cubic meters per day (m3/day) are typically used to convert between an intake 
expressed in units of mglkglday and a concentration in air expressed in mg/m3. In addition to the UFs 
listed above, an MF ranging from greater than 0 to 10 is included to reflect a qualitative professional 
assessment of additional uncertainties in the critical study and in the entire data base for the chemical 
not explicitly addressed by the preceding UFs. The default MF value is 1 .O. 

7.1.6 Risk Characterization 

The risk characterization component of the HHRA involves estimating the magnitude of the 
potential adverse effects under study, and presents summary judgments of the nature of the impacts 
to public health. Characterization of risk involves combining results of the exposure and toxicin/ 
assessments to provide numerical estimates of health risk. These estimates are therefore comparisons 
of exposure levels with appropriate RfDs or estimates of lifetime cancer risk with a particular intake. 
Risk characterization also considers the nature and weight of evidence supporting these risk estimates 
and the magnitude of uncertainty surrounding those estimates. Results of this task will be presented 
in the HHRA. 

The health risks from each contaminant may be calculated using two methods: one to 
calculate noncarcinogenic effects, and another to calculate carcinogenic effects. 

02217240828188.WPF ow Rrr n 
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7.1.6.1 Calculating Noncarcinogenic Risks 

Health risks associated with exposure to noncarcinogenic compounds will be evaluated by 
calculating a hazard quotient (HQ). The hazard quotient is the ratio of the intake rate to the RfD, as 
follows: 

WQ = INTAKE/RfD 

where: 

hazard quotient - HQ - 
INTAKE - - chemical intake (mg/kg/day) 
RfD - - reference dose (mg/kg/day) 

Hazard Indices (HIS) will be summed for those chemicals known to produce similar adverse 
effects in the same target organ using the following equation: 

r 

HI =E- t, 
Rf Di 

where: 

HI 

RfDi 
Ei 

- - hazard index; 
- - 
- - 

exposure level (intake) for the ith toxicant 
reference dose for the ith toxicant 

E and RfD are expressed in the same units and represent the same exposure period. 

Limitations on the application of this procedure are discussed in the RAGS (EPA, 1989a) and 
will be explained in the uncertainty section of the HHRA. 

7.1.6.2 Calculating Carcinogenic Risks 

Health risks associated with exposure to carcinogenic contaminants will be evaluated by 
estimating lifetime cancer risks. The following calculations are used to obtain numerical estimates of 
lifetime carcinogenic risk: 

RISK = INTAKE X SF 

where: 

RISK - - potential cancer risk adjusted for lifetime 

SF - - cancer potency slope (mg/kg/day)-' 
INTAKE - - chemical intake (mg/kg/day) 

exposure (unitless) 
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Cancer risks will be summed across all carcinogens considered in  the risk assessment using 
the following equation: 

RISK, = IR IS& 

where: 

RISK, = 
RISK, = the risk estimate for the ith substance 

the total cancer risk, expressed as a unitless probability 

This equation is an approximation of the precise equation for combining risks to account for 
the probability of the same individual developing cancer as a consequence of exposure to two or more 
carcinogens. This risk summation assumes independence of action by the compounds involved. 
Several limitations are posed by using this approach as discussed in the RAGS (EPA, 1989a). 
However, as an additional point of reference, carcinogenic risk will be added across the pertinent 
cancer classes. 

The potential for carcinogenic effect for nonradiological contaminants will be estimated by 
calculating lifetime excess cancer risks from the lifetime average exposure and cancer SF. HEAST SFS 
for radionuclides of concern will be used to estimate radiological risks from exposure for up to three 
pathways: inhalation, ingestion, and external irradiation. Calculations will be performed according to 
guidance provided by the EPA'(1989a). The sum of risks from all radionuclides and pathways yields 
the lifetime risk from the overall exposure. Risks will be combined as appropriate, taking into 
consideration the plausibility of multiple exposures. All uncertainties associated with this method will 
be discussed in the uncertainty section of the HHRA. 

7.1.7 Uncertainty Analysis 

The uncertainty analysis component of the HHRA characterizes the uncertainty of public health 
risk through the dominant pathways and contaminants in each credible scenario. These uncertainties 
are driven by uncertainty in the chemical monitoring data, the transport models used to estimate 
concentrations at receptor locations, receptor intake parameters, and the toxicity values used to 
characterize risk. Additionally, uncertainties are introduced in the risk assessment when exposures to 
several substances across multiple pathways are summed. 

The goal of the uncertainty analysis is to quantify the uncertainty in the final risk 
characterization estimates. Initially the key site-related variables and assumptions that contribute most 
to the uncertainty will be identified. The risk characterization used in site risk assessments may not 
be fully probablistic estimates of risk, but conditional estimates given the considerable number of 
assumptions about exposure and toxicity. Where possible, quantitative techniques to estimate 
uncertainty will be applied (e.g., parameter imprecision analyses to evaluate model predictions). 
Assumptions and uncertainties inherent in the risk assessment will be fully specified to place the risk 
estimates in the proper perspective. The goal will be to use and analyze site data to present results 
as estimated probability distributions. The overall uncertainty for the risk assessment will be estimated 
by the total resultant variance propagated through the pathways which dominate the risk. 
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The review and selection of appropriate uncertainty analysis methods will focus on providing 
an overall approach that would provide a quantitative result. To assess the uncertainty introduced into 
the risk assessment by each of the components described above, methodologies or approaches for 
determining the uncertainty for each component will be selected. 

7.2 Environmental Evaluation Work Plan (EE) 

An environmental evaluation (EE) component of the BRA is required by the IAG, as well as by 
EPA guidelines, as part of the OU4 RFI/RI investigation. Assumptions regarding the OU4 IM/IRA 
engineered cover, mentioned in Section 7.0, will be considered for the EE. The sequencing of the EE, 
in conjunction with other investigative and remediation work at the SEPs, has been revised several 
times over the past three years. This work plan for the OU4 EE is broken into the following 
subsections: 

e Background 

Purpose and Scope 

Approach 

Ecological Evaluation Goal and Tasks 

7.2.1 Background 

To document the status of the EE work, and to clarify its role in this Phase I I  work plan, the 
EE history is briefly summarized in this subsection. 

In 1992, an agreement was reached with the EPA and the CDH to consolidate the RFI/RI EE 
field investigations for the OUs within the industrial area at RFETS. The work was to be incorporated 
into the OU9 field investigation at RFETS. In 1993, the field work scheduled for OU9 was postponed. 
To ensure progress on the OU4 program, an EE Technical Memorandum No. 3 (EETM 3) was prepared 
and submitted to the responsible agencies, proposing a field program specific to OU4. EETM 3 
expanded upon a general presentation of site conditions and EE work submitted in the OU4 Phase I 
RFI/RI work plan. The June 21, 1993 version of EETM 3 incorporates EPA and CDH comments on the 
earlier drafts. This June 21, 1993 EETM 3 was implemented during the field program conducted in 
June and July of 1993. 

Despite successful completion of this field program, it was subsequently agreed that the EE 
report itself would not be incorporated into the OU4 Phase I RFVRI, but rather would be presented in 
the Phase I I  RFI/RI. The Human Health Risk Assessment (HHRA) is also in the Phase I I  documents, 
completing the comprehensive baseline risk assessment (BRA). 

EETM 3 recognized that the OU4 area is primarily industrial, developed to the point where very 
little vegetation or habitat remains. Some disturbed areas have been revegetated with grasses resulting 
from artificial and natural reseeding. Currently, OU4 is used by some wildlife species, but there are 
no natural ecosystems present. The EE scope proposed in EETM 3 reflects this depleted ecosystem. 
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By agreement with EPA and CDH in 1993, the portion of OU4 outside the Protected Area (PA) 
was reviewed in the EE field studies for OU6, the Walnut Creek drainage. Coordination with OU6 and 
other OU EE activities have started and will be ongoing. The information developed as part of these 
other OU EE sampling activities will be available and incorporated into the OU4 EE report. 

EETM 3 presented the technical approach for ecological studies at OU4. This approach was 
approved by the responsible agencies and the field investigation work was completed. The format for 
this EE section of the work plan follows the EETM 3 technical approach. This EE work plan reiterates 
and summarizes the tasks of the EE as proposed in EETM 3. Each task summary contains, as 
appropriate, a brief synopsis of work completed or a representation of the evaluation methodology to 
be completed for that task in the Phase I I  RFI/RI report, as agreed in EETM 3. 

7.2.2 Purpose and Scope 

According to the EPA, the general purpose of an EE in the RFI/RI process is to assess the risk 
of adverse impacts to ecological receptors at hazardous waste sites. Because of the highly developed 
nature of the study area, this general purpose was modified in EETM 3 to  more accurately address OU4 
site conditions. EETM 3 defines ecological risk characterization at OU4 as consisting of two ecological 
risk assessment aspects. The first aspect is a study of the probability of biological impacts within OU4 
boundaries. The second aspect is to evaluate the probability of biotic transport off the study area of 
potentially toxic quantities of bioaccumulating contaminants. The scope of the field investigation for 
OU4 reflected this purpose. EETM 3 also 'requires remediation criteria to be developed for 
contaminants for which a significant probability of impacts or transport is detected so that remaining 
environmental concentrations are not available for uptake and transport by target taxa or ecological 
receptors. 

0 

The terms "bioaccumulation" and "bioconcentration" are used in EETM 3. Clarification of these 
two terms as well as the term "biomagnification," is necessary. Bioaccumulation is the process by 
which chemicals are taken up by organisms from direct contact or through food containing the 
chemicals. Bioaccumulation may not always signal food-chain transfer, according to the EPA Risk 
Assessment Guidance for Superfund Volume 11: Environmental Evaluation Manual. Bioconcentration 
is the process by which there is a net accumulation of a chemical resulting directly from spontaneous 
uptake and elimination. Biomagnification is the result of the processes of bioconcentration and 
bioaccumulation by which tissue concentrations of bioaccumulated chemicals increase as the chemical 
passes up through two or more trophic levels. The EPA document recognizes that not all food chain 
transfers lead to biomagnification. For the purposes of this work plan and the OU4 EE, the term 
biomagnification is used in place of either bioaccumulation or bioconcentration, but is inclusive of all 
three processes. 

The field investigations planned in EETM 3 and completed in June, July, and August of 1993 
included surveys to determine site characteristics and habitat conditions, biological surveys, vegetative 
sample collection, soil sample collection, and small mammal collection. The information collected in 
this effort will be used in development of the OU4 EE report. In addition to the field investigations 
from OU4 Phase I and Phase I I  RFI/RI activities, the OU4 EE will incorporate information developed for 
other RFETS OU EE activities to assess potential ecological risks outside of OU4, but resulting from 
OU4 source contaminants. 
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7.2.3 Approach 

The approach for the OU4 EE incorporates the general tasks and Data Quality Objectives 
(DQOs) described in EETM 3. The approach parallels the EPA guidelines in the Framework for 
Ecological Risk Assessment (EPA, 1 992), but is less comprehensive. Following the EPA guidelines, 
the three major phases used to design the field investigations in EETM 3 include: 

Problem formulation (establish goals, breadth, and focus, with a conceptual model as 
the final product) 

Analysis (exposure and effects of stressors) 

Risk characterization (integration of exposure and effects profiles for an estimate Of 
risks) 

The subtasks within these three phases provide the outline for the final EE to be presented in 
the BU4 Phase I I  RFl/RI report. However, the subtasks have been modified to more accurately present 
the disturbed and depleted ecosystem site conditions at OU4. Figure 7.2-1 presents a decision-making 
flow chart which will be followed for com.pletion of the OU4 EE Report. 

7.2.4 Ecological Evaluation Goals and Tasks 

The overall goal of the OU4 EE is to determine if there is a probability of biological impacts 
and/or biotic transport of potentially toxic quantities of "biomagnifying" contaminants outward from 
the industrial area. The following more specific EE goals to be achieved were initially presented in 
EETM 3 for OU4. 

Qualitatively describe the ecological setting of the study area with specific reference 
to habitat concerns of target taxa, endangered species, and migratory birds. 

Define COCs to biota using selection criteria specifically tailored for the study area and 
the list of contaminants identified during scoping and documented by the Phase I and 
Phase I I  abiotic sampling programs. 

Identify specific exposure points, transport media, and exposure point concentrations 
potentially available to biota. 

Identify mechanisms and pathways for uptake of COCs by biota. 

Identify mechanisms and pathways for biotic transport of COCs beyond the boundaries 
of the study area. 

Identify and characterize ecological risk. 

Summarize the assumptions, uncertainties, and qualifications appropriate to the overall 
process of exposure assessment and contamination characterization. 
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These goals will be achieved by accomplishing the following EE tasks specified in EETM 3. 

Data review and consultation to determine stressors and types of ecosystems at risk 

Development of a site-specific conceptual exposure model 

Selection of COCs, target taxa, and analytes 

Development of a transport model of potential pathways, and determination of 
potential ecological effects 

Field investigations for site characterization and endpoint measurements 

Data analysis for extrapolation of causal relationships and characterization of risk 

Preparation of an environmental evaluation report 

Phase a 7.2.4. 

A discussion of each of these tasks follows, detailing the work previously completed under 
, or presenting the Phase II methodology to complete the task. 

Data Review 

The data review task for O U 4  was completed primarily during development of EETM 3. Further 
data review and coordination with EE activities at other OUs will be compiled with information 
developed for the OU4 study area. The knowledge gained from completing this task will include the 
following: 

Identification of potential ecological stressors and receptors 

Determination of which contaminants have biomagnification properties 

Determination of types of ecosystems at risk 

Identification of the ecological and ecotoxicological endpoints 

These data, which are available in EETM 3, in the summary document of the final EE Phase I 
work, and in completed EE reports developed for other OUs, will comprise the data set to be used in 
development of the Phase II EE report. 

7.2.4.2 Development of a Site-Specific Conceptual Exposure Model 

An industrial area conceptual exposure model was developed for use by the industrial OUS at 
RFETS. This model qualitatively identifies potential pathways and was used in the OU4 EETM 3 to 
focus the search for potentially exposed taxa or habitats. 
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Information gathered in the field programs previously described will be used to develop the 
OU4-specific exposure model, For example, surficial soil sampling results gathered in the Phase I field 
program will be of prime importance in determining source contaminants for onsite biota, soil-dwelling 
animals and invertebrates, and their predators. 

For exposure modeling, contamination at depths greater than 6 feet will not be considered 
as affecting biota. Six feet is generally assumed to be the maximum depth of burrowing animals and 
plant root penetration. The results of the Phase I1 ground water investigation will supplement the soils 
data in establishing exposure models. In the case of the ground water, the potential exposure Scenario 
at OU4 encompasses ground water contaminants reaching vegetation around seeps and impacting the 
fauna of the area which may drink contaminated water directly. 

The results of the EE activities at other RFETS OUs will also be available. Information (soils, 
ground water, and biota data) developed for other OUs will be compared to and will enhance 
information developed for the OU4 study area, with an emphasis on data from adjacent OUS 
(particularly OU6). 

EETM 3 addressed compilation of field data to support biota transport modeling. Biota 
transport modeling predicts the probability of contaminant loads in biota dispersing outward from the 
study area. As previously presented, this pathway is the primary ecological concern at OU4, in light 
of the disrupted nature of the industrial area. 

In summary, the conceptual exposure model task was primarily completed in the Phase I field 
investigations. Phase I1 ground water data and EE data from other OUs will supplement the Phase I 
knowledge to develop a complete model of the sources of contamination, the transport mechanisms, 
the exposure media, and the OU4 receptors. 

7.2.4.3 Selection of COCs, Target Taxa, and Analytes 

A preliminary list of COCs (as chemical stressors) was presented in EETM 3. The preliminary 
COCs were developed using data from OU4 investigations prior to Phase I, and incorporated the 
following three criteria: 

Occurrence of bioavailable chemicals 

. Ecotoxicity at levels detected at OU4 

Extent of contamination, including wide distribution, occurrence in ecologicalty 
sensitive areas, or localized high concentrations 

These three criteria were developed by EPA, CDH, and DOE (the agencies) prior to all EE field 
investigations at RFETS, and have been used consistently in RFETS EE work plan development. The 
main criteria that will be used in the final determination of COCs are: 

Occurrence and concentration of bioavailable chemicals 

022l724828108.W 



Rocky Flats Environmental Technology Site Document No. : RF/ER-94-00040 

7-26 
Section 7: Rev.0 Phase I1 RFI/RI Work Plan for OU4 Section No: 

Page: 
Effective Date: 
Organization: .Environmental Restoration Progam Div. 

0 
Category 

Potential of the analyte to biomagnify in target taxa 

The potential for biomagnification will be examined based on the EE results at other OUS and 
chemical properties of each COC. 

Since development of the preliminary COC list, the Phase I investigation has been completed. 
Phase I work delineated the nature and extent of soils contamination and defined contaminant sources. 
The Phase I1 work will complete the OU4 RFI/RI investigations, concentrating on ground water 
resources. The Phase I and I1 reports will each contain media-specific COCs. The EE report in the 
Phase II document will incorporate this additional site knowledge as well as the COC biomagnification 
potential, and will present a refined COC list for use in developing the exposure estimations and 
toxicity assessment. 

The methodology for development of this final COC list will follow EPA guidance, as well as 
EPA- and CDH-preferred methodologies for RFETS. The factors beyond statistical methodology 
commonly considered for €E risk evaluations include chemical persistence, biomagnification potential, 
bioavailability, volatility, mobility, solubility, and distribution. (Distribution includes differential 

I accumulation and adsorption affinity.) 

EETM 3 methodology considered chemical stressors only. Because of the degraded ecosystem 
at OU4, agencies endorsed this approach via approval of EETM 3. After consideration of the ongoing 
OU4 IM/IRA work at the site, this approach has been revised. The EE report will also include the 
physical stressors, allowing recognition of the changing environmental conditions at OU4. This 
approach will also more closely parallel EPA guidance. 

Preliminary target taxa and analytes were also presented in EETM 3. The analytes were 
developed from the COC process, and influenced the Phase I investigations and design of the Phase 
II field sampling plan (FSP). These preliminary analytes also will be assessed in the OU4 EE. DOOS 
and the DO0 process were initially presented in EETM3. 

Preliminary target taxa were identified in EETM 3. The revised identification of target taxa 
during the Phase I t  OU4 EE report will reflect knowledge gained during the Phase I EE field 
investigation. Considerations for target taxa identification will include, but not be limited to, the 
following criteria: 

Home range in or near OU4 

Occurrence in sufficient numbers to support chemical analyses 

Sensitivity to COCs that biomagnify 

Probability to function as prey species in or near OU4 

Whether threatened or endangered 

Ability to display morphological anomalies 
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Probability to display target analytes in tissues 

Probability to display histopathological anomalies if exposed 

7.2.4.4 Development of a Transport Model, Potential Pathways, and Potential Ecological Effects 

The preliminary transport model and potential pathways were presented in EETM 3 in the 
Industrial Area Conceptual Model. This preliminary characterization will be revised with data from the 
Phase I and Phase II field investigations and the information developed for adjacent OU EEs to Support 
a detailed exposure assessment in the EE section of the BRA. The objective of the exposure 
assessment is to describe, and where possible to quantify, contact with and uptake of a contaminant 
by the target taxa. The results of the exposure assessment will then be used in conjunction with the 
toxicity assessment to determine if exposure levels are potentially harmful, in or outside of OU4, and 
to identify potential ecological effects. 

The variables considered in development of the exposure assessment include: 

Screening of potential pathways to determine the complete pathways 

Chemical forms that are bioavailable 

Factors affecting bioavailability of each COC 

Bioconcentration factors (BCFs) for each step of the food chain 

Biomagnification potential of each COC 

Type of tissue in which COCs are stored (e.g., not digestible bone) 

The primary sources of contamination at OU4 

The transport mechanisms of those contaminants 

The resultant exposure routes 

7.2.4.5 Field Investigations 

The field investigations to support this EE were conducted in the summer of 1993 and followed 
the FSP presented in EETM 3. The objective of the EE FSP was to collect site-specific data on biota, 
habitats, and species of concern. 

To achieve this objective, the FSP outlined the following field surveys: 

Habitat 

Soils 

ou4 Ru" II 
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Vegetation 

Small mammal 

Song bird 

All of the work scheduled was completed in the summer of 1993 (June through August). Field 
sampling data developed for €E activities at other OUs will be compared to information acquired for 
the OU4 study area. The field data from OU4 EE sampling activities do not address site characteristics 
that affect chemical bioavailability and transport through physical media (e.g., pH). These types of 
data are essential for determining a completed exposure pathway through physical and chemical 
environments. These data will be taken from the soils investigation portion of the OU4 Phase I field 
work. 

7.2.4.6 Data Analysis and Risk Characterization 

The data analysis task will not be undertaken until completion of the Phase I1 field 
investigations. The Phase I I  ground water information and E€ information developed for adjacent OUs 
will contribute substantially to the understanding of the primary ecological risk at OU4 and the 
probability of biomagnifying contaminants moving outward from OU4. 

The data analysis methodology will be primarily descriptive due to the nature of data collected, 
the site conditions, and the goals of this EE. As addressed in EETM 3, no reference site was 
established for OU4 because the control situation requirements could not be met. Therefore, no 
statistical comparison criteria are established. Quantitative aspects of the risk characterization will be 
developed if data from the OU4 field investigations and the €E activities at other OUs are deemed 
applicable. 

The descriptive data presentation in the EE report will include habitat type maps showing the 
distribution and abundance of plant and wildlife species, soil profiles presenting the soil substrate, 
vegetation type maps, bird survey results, and small mammal survey results. 

Quantitative aspects of the risk characterization will evaluate the potential for adverse effects 
to target taxa. An exposure assessment and a toxicity assessment will be performed with appropriate 
available data following the approach described in the EPA framework for performing ecological risk 
assessments, but with site-specific differences. Tissue data from field investigations from other RFETS 
OUs will be used to estimate potential exposure to COCs via the determined pathways and to estimate 
intakes of the individual COCs by the target taxa. 

Site-specific ecological endpoints will then be determined. Ecological endpoints are 
characteristics of an ecological system that may be affected by exposure to site-related COCs, and as 
such represent the actual environmental values to be protected. Meaningful endpoints are those that 
characterize the relationship between contaminant levels (environmental concentrations) and potential 
adverse effects, Assessment endpoints are formal expressions of the actual environmental parameters 
to be protected (e.g., reduction of key population members or disruption of community structure). 
They are defined in the EPA guidelines as " s  . . environmental characteristics, which if they were found 

ow ph" u 
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to be significantly affected, would indicate a need for remediation." Some appropriate and readily 
quantifiable assessment endpoints for the OU4 site include: 

Exposure to site-related COCs resulting in adverse chronic toxic effects in target taxa 
populations 

Soils sufficiently contaminated to cause population-level effects in onsite vegetation 

Risk characterization combines the toxicity assessment and the exposure assessment and 
determines the measurement of risk to target taxa from COCs. If it is found that an exposure of target 
taxa to COCs might result in ecotoxicity, then there is a potential for risk to target taxa inhabiting the 
area from the COCs. Any determination of ecological risks would be compiled with any risks to 
humans from the HHRA, to complete the comprehensive BRA. Eventually, remediation criteria would 
be developed for contaminants for which a significant probability of impacts or transport is detected 
so that remaining environmental concentrations and forms are not available for uptake and transport 
by target taxa or by ecological receptors. 

9.2.4.7 Preparation of an Environmental Evaluation Report 

The EE report to be presented as part of the OU4 Phase II RWRI document will follow the 
general outlines and will include the subject matter of the EPA framework document. As presented 
in EETM 3, some aspects of a comprehensive EE will be streamlined to more appropriately present the 
industrial site under investigation. 

The report will identify stressors (chemical and physical), refine the conceptual model, address 
ecological effects, characterize the ecosystem, and present endpoints. A pathways model will be 
presented and an exposure assessment will be completed. The risk characterization will complete the 
report with a summary of risk and brief discussion of the uncertainties inherent in this work. The 
summary of risk will focus on the goal of this EE, which is the characterization of the probability of 
biotic transport of potentially toxic quantities of biomagnifying contaminants outward from OU4. 

The EE report will be consolidated with the HHRA to present a comprehensive baseline risk 
assessment in the OU4 Phase II RFI/RI report. 
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SECTION 8 QUALITY ASSURANCE ADDENDUM 

This Quality Assurance Addendum ( M A )  supplements the "Rocky Plants Environmental 
Technology Site Sitewide Quality Assurance Project Plan for CERCLA RI/FS and RCRA RFI/CMS 
Activities" (QAPjP), and establishes the specific QA controls applicable to the field investigation 
activities described in the Phase I I  RFI/RI Work Plan/Field Sampling Plan (OU4 Phase II Work Plan) for 
the Solar Evaporation Ponds (SEPs) [Operable Unit No. 4 (OU411 dated September, 1994. (DOE, 
1994). 

8.1 Organization and Responsibilities 

The overall organization of EG&G Rocky Flats, Inc. (EG&G) and the Environmental Management 
(EM) Department divisions involved in environmental restoration activities is shown in Section 1 of the 
QAPjP. Individual responsibilities are also described in detail in Section 1 of the QAPjP. 

Subcontractors will be tasked by EG&G to implement the OU4 Phase I I  Work Plan. The specific 
EM Department personnel who will interface with the subcontractors and be authorized to provide 
technical direction are shown in Figure 8.1-1. 

8.2 Quality Assurance Program and Training 

This QAA supplements the QAPjP to address the specific QA controls applicable to the field 
investigation activities described in the Phase I I  RFI/Rl Work Plan/Field Sampling Plan for the Solar 
Evaporation Ponds (Operable Unit No. 4). The QAPjP was written to specifically address QA controls 
for Interagency Agreement (IAGI-related activities. 

As part of the QA program, all personnel performing field activities at OU4 shall complete 
minimum training requirements, including training to comply with EM Department Operating Procedures 
(OPS) which are also referred to as SOPs in the QAPjP. 

Any training specified in the QAPjP and applicable SOPs shall be completed prior to the 
performance of work. Individuals that require training include, but are not limited to, those performing 
or supervising the following activities: 

Drilling/boring 

Installation/completion of ground water monitoring wells 

Geological/aquifer testing 

Sample collection (all media) 

Sample chain-of-custody/preservation/handling 

Equipment decontamination 

Field measurements (e.g., pH, conductivity, temperature, dissolved oxygen, water 
level) 

OU4 Phew I1 
September 1, 1984 



t 

- 
P 
I- 
m 

ii m 

nai 
c 
0 

I I 

C 
0 

5 - a (II a n 

1 

8-2 



Rocky Flats Environmental Technology Site Manual: RF/ER-094-00040 

Page: 8-3 
Phase I I  RFI/RI Work Plan for OU4 Section No: 

Effective Date: 

Section 8: Rev. 0 

Category Organization: Environmental Restoration Management 

e 
Data validation 

Environmental surveying and sample collection 

8.3 Design Control 

The OU4 Phase II Work'Plan provides the investigation design control for the Phase I I  RFIIRI 
activities to be conducted in the area designated as OU4. The sampling rationale and investigation 
program, including sampling locations, frequency, and analytical requirements, are presented in 
Sections 4.0 and 5.0 of this work plan. Specific SOPs to be followed by EG&G personnel and their 
subcontractor personnel during all aspects of the field investigation are listed in Section 9.0 of this 
work plan. The OU4 Phase II Work Plan will be reviewed and approved by the EG&G OU4 project 
management, the U.S. Department of Energy (DOE) Rocky Flats Field Office (RFFO), the U.S. 
Environmental Protection Agency (EPA), and the Colorado Department of Health (CDH) prior to 
implementing the work described in the work plan. 

8.3.1 Data Quality Objectives 

Data quality objectives (DQOs) quantitatively and qualitatively describe the level of uncertainty 
that decision makers are willing to accept in results derived from environmental data. This uncertainty 
is used to specify the quality of the data required to meet the objectives of the investigations. The 
process of developing DQOs for remedial investigations is summarized in EPA guidance documents. 
The development of DQOs for OU4 Phase II RFI/RI follows that process and is presented in Section 4.0 
of this work plan. 

8 

Parameters used as indicators of data quality are precision, accuracy, representativeness, 
comparability, and completeness (PARCC parameters). The definitions and methods of calculating 
these parameters are presented in Section 4.0. The objectives of the field investigation are 
summarized in Table 4.4-1 of the work plan, 

8.3.2 Sampling Locations 

The OU4 Phase II field investigation programs, including sampling locations and procedures, 
are described in Section 5.0 of this work plan. Table 5.3-2 summarizes all activities proposed as part 
of the Phase II field investigations. 

8.3.3 Analytical Procedures 

The analytical program for OU4 Phase I I  field investigations is discussed in Section 5.0 of this 
work plan. The analytical methods that shall be adhered to are specified in the General Radiochemistry 
and Routine Analytical Services Protocol (GRRASP) for laboratory analysis and are in accordance with 
the SOPs for field analysis and measurements. The specific analytical suite for each sampling location 
is specified in Section 5.0 of this work plan. 

8.3.4 Equipment Decontamination 

D 

Non-disposable sampling equipment shall be decontaminated between sampling locations in 
accordance with SOP F0.03, General Equipment Decontamination. Other equipment (e.g., heavy 

OU4 Phasa I I  
September 1,1994 



Rocky Flats Environmental Technology Site Manual: RF/ER-094-00040 

Page: 8-4 
Phase II RFI/RI Work Plan for OU4 Section No: 

Effective Date: 

Section 8: Rev. 0 

Category Organization: Environmental Restoration Management 

equipment) potentially contaminated during (but not limited to) drilling, hydrogeologiclgeologic testing, 
boring, and sample collection activities shall also be decontaminated as specified in SOP F0.04, Heavy 
Equipment Decontamination. 

8.3.5 Air Quality Monitoring 

Air quality monitoring will be performed during implementation of any field activities that have 
the potential to create windblown dispersion of contaminants, including drilling, coring, and installation 
of monitoring wells. Air monitoring will be conducted to ensure that Phase II RFI/RI activities at OU4 
comply with the Plan for Prevention of Contaminant Dispersion. Air monitoring will be conducted 
according to SOP F0.01, Air Monitoring and Dust Control. 

8.3.6 Quality Control Samples 

To ensure the quality of the field sampling technique, collection of field quality control (QC) 
samples is incorporated into the sampling scheme. Field QC sample collection frequencies for the field 
investigations are shown in Table 5.5-3 of the Field Sampling Plan (FSP). A specific sampling schedule 
will be prepared by the sampling subcontractor for EG&G approval prior to the initiation of sampling 
activities. 

8.3.6.1 Objectives for Field QC Samples 

Equipment rinseate blanks are considered acceptable (with no need for data qualification) if the 
concentration of analytes of interest is less than three times the required detection limit for each 
analyte. Field duplicate samples will agree within 30 percent relative percent difference for aqueous 
samples and 40 percent for homogeneous, non-aqueous samples. 

8.3.6.2 Laboratory QC 

Laboratory QC procedures are used to provide measures of internal consistency of analytical 
and storage procedures. The laboratory subcontractor will submit to EG&G for approval written SOPS 
that are consistent with or equivalent to EPA-Contract Laboratory Program (CLP) QC procedures. 
Laboratory QC techniques used to ensure consistency and validity of analytical results (including 
detecting potential laboratory contamination of samples) include the use of reagent blanks, field blanks, 
internal standard reference materials, laboratory replicates, and field duplicates. The laboratory 
subcontractor will follow the standard evaluation guidelines and QC procedures, including frequency 
of QC checks, that are applicable to the particular type of analytical method being used. All results 
will be forwarded to EG&G for review and verification. 

8.3.7 Field and Analytical Procedures 

Field and laboratory analytical procedures to be followed for the OU4 Phase II RFI/RI are as 
specified in the GRRASP and Section 5.0 of the OU4 Phase II Work Plan. 
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8.3.8 Data Reduction, Validation, and Reporting 

8.3.8.1 Analytical Reporting Turnaround Times 

Analytical reporting turnaround times are as specified in the QAPjP 

8.3.8.2 Data Validation 

Guidelines used to evaluate the analytical data are referenced in Section 3.4.2 of the QAPjP. 
The laboratory validation process is also illustrated in Figure 3-1 of the QAPjP. Field data validation 
will be performed as specified in Section 3.4.2 of the QAPjP. The process of sample collection, field 
data validation, sample transfer (chain-of-custody), sample analysis, and data validation is illustrated 
in Figure 8-1 of the QAPjP. 

8.3.8.3 Data Reduction 

Reduction of laboratory measurements and laboratory reporting of analytical parameters shall 
be in accordance with the procedures specified for each analytical method. The reduced data will be 
used in the data validation process to verify that the laboratory control and the overall system DQOs 
have been met. 

8.4 Procurement Document Control 

Subcontractors will perform the field investigation described in the OU4 Phase It Work Plan. 
The subcontractors will be required to implement all requirements of the OU4 Phase 11 Work Plan, the 
QAPjP, this QAA, and all applicable SOPs referenced in these documents. Analytical services will also 
be subcontracted for analysis of field samples. Appropriate requirements from the QAPjP, this QAA, 
and the GRRASP shall be passed on to any organizations performing these analyses. Subcontractors 
may also be utilized to validate analytical data packages. Applicable requirements from this QAA shall 
be transmitted to the validation subcontractor. 

The implementing subcontractors will be required to provide the materials necessary for 
performing the work described in the OU4 Phase II Work Plan. 

Subcontractors may be required to submit a QA program that meets the applicable 
requirements of the QAPjP and this QAA. 

8.5 Instructions, Procedures, and Drawings 

The OU4 Phase I1 Work Plan describes the activities to be performed. The work plan will be 
reviewed and approved in accordance with the requirements for instructions, procedures, and drawings 
outlined in the QAPjP. 

The SOPs that will be adhered to during the implementation of the RFI/RI activities described 
in the OU4 Phase I1 Work Plan are listed in Section 9.0 of the work plan. The SOPs listed have all been 
approved through the approval process agreed upon by EPA, CDH, and DOE. Any additional 
procedures proposed for use but not currently addressed in an SOP will be developed, reviewed, and 
approved as required in Section 5.0 of the QAPjP prior to performing the applicable activity. Any * 
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changes, modifications, or deviations from the approved SOPs, either prior to or during field 
implementation, will be documented by completing and submitting a Document Modification Request 
(DMR) in accordance with the QAPjP. 

8.6 *Document Control 

The following documents will be controlled in accordance with the QAPjP: 

OU4 Phase II Work Plan for the Solar Evaporation Ponds RFI/RI 

Rocky Plants Environmental Technology Site Sitewide Quality Assurance Project Plan 
for CERCLA RI/FS and RCRA RFKMS Activities (QAPjP) 

Quality Assurance Addendum (QAA) to the Rocky Flats Sitewide QAPjP for Operable 
Unit No. 4, Solar Evaporation Ponds, Phase I I  RFI/RI Activities 

SOPs (all SOPs specified in the QAPjP and this QAA) 

8.7 Control of Purchased Items and Services 

Subcontractors to support the OU4 Phase I I  Work Plan activities will be selected and evaluated 
as outlined in the QAPjP. This includes pre-award evaluation/audit of proposed subcontractors, as Well 
as periodic audit of the acceptability of subcontractor performance during the life of the subcontract. 
Any items or materials purchased for use during the OU4 Phase II investigations that may affect the 
quality of data shall be inspected upon receipt. 

* 
8.8 Identification and Control of Items, Samples, and Data 

8.8.1 Sample ContainerslPreservation 

Appropriate volumes, containers, preservation requirements, and holding times for samples are 
presented in Tables 8-1 through 8-4 of the QAPjP and in Section 5.0 of the work plan. 

8.8.2 Sample Identification 

RFI/RI samples shall be labeled and identified in accordance with the SOPs and shall have 
unique identification designations that trace the sample to the source(s) and indicate the method(s1, 
date, the sampler(s), and conditions prevailing at the time of sampling. 

8.8.3 Chain-of-Custody 

Sample chain-of-custody will be maintained in accordance with SOP FO. 13 (Containerizing, 
Preserving, Handling, and Shipping of Soil and Water Samples) and as illustrated in Figure 8-1 of the 
QAPjP for all environmental samples collected during field investigations. 
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8.9 Control of Processes 

The overall process of collecting samples, performing analyses, and inputting data into a data 
base is considered a process that requires control. The process is controlled through a series of written 
procedures that govern and document the work activities. The process is illustrated diagrammatically 
in Section 8.0 of the QAPjP. 

8.10 Inspection 

Procured materials and construction activities (e.g., ground water monitoring well installation) 
shall be inspected (as applicable) in accordance with the requirements specified in Section 10.0 of the 
QAPjP. 

8.1 1 Test Control 

Pumping and slug tests will be conducted according to the methods described in Section 5.0 
of the OU4 Phase II Work Plan and applicable SOPS (i.e., GW.08 and GW.02). 

8.12 Control of Measuring and Test Equipment 

8.12.1 Field Equipment 

Specific conductivity, temperature, pH, and dissolved-oxygen content of water samples shall 
be measured in the field. Field measurements will be taken and the instruments calibrated as specified 
in the field instrumentation SOP. Measurements shall be made using the following equipment (Or 
EG&G-approved alternates): 

Specific Conductivity: HACH Conductivity Meter 

Dissolved Oxygen: HACH Dissolved-Oxygen Meter 

pH: HACH pH Meter (This meter will also be used for temperature measurements.) 

Each item of field equipment shall have a file that contains: 

Standard operating procedures (i.eSt SOP GW.05) 

Routine preventive maintenance procedures, including a list of critical spare parts to 
be provided or available in the field 

Calibration methods, frequency, and description of the calibration solutions 

Standardization procedures (traceability to nationally recognized standards) 

The above information shall, in general, conform to the manufacturer’s recommended operating 
instructions or shall explain the deviation from said instructions. e 
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8.12.2 Laboratory Equipment 

Laboratory analyses will be performed by subcontracted laboratories. The equipment used to 
analyze environmental samples shall be calibrated, maintained, and controlled in accordance with the 
requirements contained in the specific analytical protocols used, as specified in the GRRASP. 

8.1 3 Handling, storage, and shipping 

Samples shall be packaged, transported, and stored in accordance with SOP F0.13 
(Containerizing, Preserving, Handling, and Shipping of Soil and Water Samples). Maximum sample 
holding times, sample preservatives, sample volumes, and sample containers are specified in the QAPjP 
and in Section 5.0 of the OU4 Phase II Work Plan. 

8.14 Status of Inspection, Test, and Operations 

The requirements for the identification of inspection, test, and operating status shall be 
implemented as specified in Section 14.0 of the QAPjP. A log specifying the status of all ground water 
monitoring wells shall be maintained by the Field Activities Task Leader. The log will include: 
well/borehole identification number, ground elevation, casing depth of hole, depth to bedrock, static 
water level (as applicable), depth to top and bottom of screen (as applicable), diameter of hole, 
diameter of casing, and top and bottom of casing. 

8.1 5 Control of Nonconformances 
* 

The requirements for the identification, control, evaluation, and disposition of nonconforming 
items, samples, and data will be implemented as specified in Section 15.0 of the QAPjP. 
Nonconformances identified by the implementing subcontractor shall be submitted to EG&G for 
processing as outlined in the QAPjP. 

8.16 Corrective Action 

The requirements for the identification, documentation, and verification of corrective actions 
for conditions adverse to quality will be implemented as outlined in Section 16.0 of the QAPiP. 
Conditions adverse to quality identified by the implementing subcontractor shall be documented and 
submitted to EG&G for processing as outlined in the QAPjP. 

8.17 Quality Assurance Records 

QA records will be processed in accordance with SOP ADM 17.01 (Quality Assurance Records 
Management). QA records to be generated during the OU4 Phase I1 RFI/RI activities include, but are 
not limited to: 

Field Logs (e.9.. sample collection notebooksAogs for water, sediment, and air), 

. Calibration Records, 

Sample Collection and Chain-of-Custody Records, 
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Drilling Logs, 

Hydrolog'ic Testing Documentation, 

Geologic Testing Documentation, 

Work Plan/Field Sampling Plan, 

QA PjP/QAA, 

Audit/Surveillance/lnspection Reports, 

Nonconformance Reports, 

Corrective Action Documentation, 

Data Validation Results, 

Analytical Results, 

Procurement/Contracting Documentation, 

Training/Qualification Records, and 

Inspection Records. 

8.18 Quality Verification 

Requirements for the verification of quality shall be implemented as specified in Section 18.0 
of the QAPjP. Audits of subcontractors providing field investigation, construction, and analytical 
support services shall be performed at least annually or once during the life of the project, whichever 
is more frequent. 

EG&G shall conduct audits of the laboratory subcontractor as specified in the GRRASP. The 
Quality Assurance Program Manager (QAPM) shall develop a surveillance schedule with the surveillance 
intervals based on the importance and complexity of the sampling/analytical activity. 

Specific examples of tasks that will be monitored by the surveillance program are: 

Well installations (approximately 1 0% of holes) 

Field Sampling (approximately 5% of each sample type taken) 

Records Management (at initiation and monthly thereafter) 

Data verification, validation, and reporting. 
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A readiness review shall be conducted by the EM Department QAPM prior to implementation 
of OU4 Phase I1 RFI/RI field activities. The readiness review will determine if all activity prerequisites 
required to begin work have been met. All applicable requirements of the QAPjP and this document 
will be addressed. 

8.19 Software Control 

The requirements for the control of software shall be implemented as specified in Section 19.0 
of the QAPjP. Only data base software is anticipated to be used for the OU4 Phase I1 Work Plan 
activities. SOP F0.14, Field Data Management, is applicable to the use of the data base storing the 
environmental data. 
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SECTION 9 STANDARD OPERATING PROCEDURES 

The following EG&G EMD Operating Procedures (referred to as SOPS in the QAPjP) will be used 
during the site-specific field investigations for OU4: 

ADM.17.01 
FO.01 
F0.03 
F0.04 
F0.05 
F0.06 
FO .07 
F0.08 
FO.09 
FO.10 
FO.11 
F0.12 
F0.13 
F0.14 
F0.15 
F0.16 
F0.18 
FO. 23 
F0.29 
GW.01 
GW.02 
GW.04 
GW.05 
GW.06 
GW.08 
GT.01 
GT.02 
GT .03 
GT.04 
GT.05 
GT.06 
GT. 10 
GT. 1 5 
GT. 1 7 
GT. 18 
sw.01 
sw.02 
SW.03 
SW.04 
SW.06 
sw. 10 
sw.11 
sw.12 
SW.17 

Quality Assurance Records Management 
Windblown Contaminant Dispersion Control 
General Equipment Decontamination 
Heavy Equipment Decontamination 
Handling of Purge and Development Water 
Handling of Personal Protective Equipment 
Handling of Decontamination Water and Wash Water 
Handling of Drilling Fluids and Cuttings 
Handling of Residual Samples 
Receiving, Labeling, and Handling of Waste Containers 
Field Communication 
Decontamination Facility Operations 
Containerizing, Preserving, Handling, and Shipping Soil and Water Samples 
Field Data Management 
Use of Photoionizing and Flame Ionizing Detectors 
Field Radiological Measurements 
Environmental Sample Radioactivity Content Screening 
Management of Soil and Sediment Investigative-Derived Materials (IDMI 
Disposition of Soil and Sediment Investigative-Derived Materials 
Water Level Measurements in Wells and piezometers 
Well Development 
Slug Testing 
Measurement of Ground Water Field Parameters 
Ground Water Sampling 
Aquifer Pumping Tests 
Logging Alluvial and Bedrock Materials 
Drilling and Sampling Using Hollow-Stem Auger Techniques 
Isolating Bedrock from Alluvium Using Grouted Surface Casing 
Rotary Drilling and Rock Coring 
Plugging and Abandonment of Wells 
Monitoring Well and Piezometer Installation 
Borehole Clearing 
Geophysical Borehole Logging 
Land Surveying 
Surface Geophysical Surveys 
Surface Water Data Collection Activities 
Field Measurements of Surface Water Field Parameters 
Surface Water Sampling 
Discharge Measurement 
Sediment Sampling 
Event-Related Suiface-Water Sampling 
Operation and Maintenance of Stream-Gauging and Sampling Stations 
Site Description 
Pond and Reservoirs Bottom Sediment Sampling 
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SOPs applicable to the proposed Phase I I  RFI/RI activities are shown in Table 9.0-1. Specific 
information regarding sampling activities is provided in the FSP (Section 5.0). An  SOP or Technical 
Memorandum will be developed for any field activity not currently addressed by the SOPs. The activity 
will not be undertaken until the new SOP is approved. Project-specifie details for this Work Plan will 
be included in Document Modification Requests (DMRs). These DMRs will be attached to the SOP for 
use during field activities. 
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EVALUATION OF THE INTERCEPTOR TRENCH SYSTEM EFFECTIVENESS 

A.1 INTRODUCTION 

The Interceptor Trench System (ITS) was developed as one of many methods to diminish 
discharges to the environment from the Rocky Flats Environmental Technology Site (RFETSI. The ITS 
was built specifically to manage surface water and ground water contaminated by the Solar 
Evaporation Ponds (SEPs). The ITS, located immediately north and downgradient of the SEPs and SEP 
hillside seepage, is intended to intercept contaminated surface water runoff and ground water flowing 
northeast to North Walnut Creek. 

An evaluation of ITS effectiveness is necessary to accurately characterize the Operable Unit 
4 (OU4)  site (the SEPs). Investigations into the effectiveness of the ITS have been limited. Historical 
water flow and collection data for the ITS are nonexistent. Recent reports on the ITS (ASI, 1991; 
EG&G, 1993a) rely on data interpolation and computer modeling for evaluating ITS performance. 

This evaluation will rely primarily upon ITS-specific data collected as part of the RCRA Facility 
Investigation/Remedial Investigation (RFVRI) Phase I activities, and upon flow data to the Temporary 
Modular Storage Tanks (TMSTs). The data currently available indicate that the ITS is effective in 
collecting alluvial ground water where the ITS is keyed into bedrock. The following sections Of this 
report present and analyze the data upon which this conclusion is based. 

A.2 HISTORICAL REVIEW 

Nitrate Contamination of North Walnut Creek (located north of the SEPs) was documented in 
the early 1970s. In response to this contamination, six trenches and two sumps were installed north 
of the SEPs as the original SEPs contaminant control system. These trenches and sumps intercepted 
natural seepage and pond leakage that would otherwise have entered North Walnut Creek, and were 
successful in reducing nitrate levels in North Walnut Creek (ASI, 1991). The contaminant Control 
system was replaced with the larger and more elaborate ITS in April 1981, This ITS was installed 
because of construction of the fences around the Protected Area (PA) and the destruction of two of 
the earlier trenches. The ITS is still in use. 

0 

The ITS was designed primarily to collect subsurface water. Engineering drawings for the 
design and construction of the ITS are Rockwell International (RI) as-built Drawings 27550-033, 
27550-040, 27550-050, 27550-200, 27550-201, and 27550-202. Although the ITS was more 
extensive than the trench and sump system that it replaced, it became necessary to extend the ITS 
to the south shortly after construction of the system. Figures A-1 and A-2 depict the original ITS as 
well as its final configuration after the extension to the south (the Southern Extension). As-built 
drawings (RI Drawings 26637-01 and 26637-02) indicate that the Southern Extension was built 
between February and June, 1982. 

The ITS was extended to the south because of concerns about ground water seeps immediately 
north of the SEPs which were contributing to elevated levels of nitrate contamination in some of the 
A-series drainage ponds to the north and east of the SEPs. These elevated nitrate concentrations 
werea source of concern to both the Colorado Department of Health (CDH) and to RFETS personnel. 
The Southern Extension of the ITS consisted of a french drain that paralleled the perimeter road and 
was designed and built with gravel backfill from the collection drain to the ground surface. This design 
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allowed the Southern Extension to collect both ground water and surface water flows. The Southern 
Extension also provided for the collection of footing drain flows from Building 774 and possibly from 
Building 771 (near the western end of the Southern Extension) through a 4-inch-diameter polyvinyl 
chloride (PVC) pipe. This PVC pipe allowed gravity drainage from the sump of a pump station 
immediately northeast of the Building 774 Pond. When active, this pump station had pumped water 
into the SEPs. Electrical power to the pump was cut off when the Southern Extension of the ITS 
allowed gravity drainage of this pump station sump and the Building 774 Pond area. 

In summary, the ITS collects ground water and surface water runoff (from the area immediately 
north of the SEPs and south of the perimeter road) which drains by gravity to a pump station located 
near North Walnut Creek. Some additional surface water runoff is also collected by the ITS due to the 
routing of storm drains from the Building 779 area to the hillside south of the ITS Southern Extension. 

From the time of its construction until May 1993, water collected by the ITS was pumped to 
SEP 207B-North. This pumped flow was not metered, In May 1993, the flow from the ITS was re- 
routed to the OU4 temporary modular storage tanks (TMSTs) located northwest of the SEPs. The new 
routing of the piping includes a flow meter which is monitored on a daily basis. 

A.3 ITS CONFIGURATION AND DESIGN 

A.3.1 System Components 

In its current configuration, the ITS consists of 19 collection pipes that flow into two separate 
header pipes entering the ITS wet well. Pipes 1 through 7 flow to the eastern header pipe, while pipes 
8 through 19 flow to the western header pipes. The Southern Extension to the ITS consists essentially 
of two pipes (eastern and western), that flow to a manhole which conveys the flow to pipe 12 of the 
ITS. Figure A-3 depicts the pipe numbering system and general layout of the ITS. 

Water collected in the ITS flows by gravity to the pump house located near North Walnut 
Creek. The depths of the french drains comprising the ITS range from 1 to 27 feet below ground 
surface (bgs), with typical depths of 4 to 15 feet. The gravel-filled trenches of the french drains are 
approximately 1 foot wide, with perforated pipe in the bottom to intercept and transport ground water 
flow to the ITS pump house. These pipes are designed to collect primarily ground water. The trenches 
in which the pipes were installed are completed with topsoil at the surface to minimize the collection 
of storm water runoff and to allow for vegetative growth. 

a 

The ITS Southern Extension collects ground water, seep flow, and storm water runoff, and the 
flows are transferred to the ITS pump house. Engineering drawings indicate that the Southern 
Extension french drains vary in depth from 2.7 to 8 feet, have a width of approximately 13 inches, and 
have a flexible membrane liner on the downgradient side of the backfilled trench. The Southern 
Extension is approximately 1,500 feet in length, and is drained by a single 4-inch-diameter PVC pipe. 
The ITS Southern Extension drains were designed and built with a gravel backfill from the drain to the 
surface so that they would collect both ground water and surface water flow. The ITS Southern 
Extension slopes from both ends toward the center manhole. The manhole is drained by gravity 
through another 4-inch PVC pipe that connects to existing pipe 12 of the ITS. Pipe 12 flows to the 
western header pipe that feeds the ITS pump house wet well. Although storm water collection was 
a concern, the main concern that drove construction of the ITS Southern Extension was the collection 
of contaminated seep flows north of the SEPs; however, the design that allowed for collection of seep 
flows also allowed for collection of storm water flows in the areas of the seeps. 
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The areas tributary to the ITS, when fully operative, include the following: 

SEPs area ground water and storm water runoff; 
Hillside north of the SEPs and south of the drains; 
Building 779 storm water and footing drain flows; and, 
Building 771/774 footing drain flows along with limited storm water from the same 
area. 

Storm water from the Building 779 area is routed through a 15-inch corrugated metal pipe 
(CMP) that outfalls on the hillside and is captured by the western portion of the ITS Southern 
Extension. Until recently, flows from the Building 771 /774 area footing drains were also captured by 
the western-most end of the ITS Southern Extension; however, since the fall of 1992, the ITS has no 
longer been collecting the majority of these flows. Previously, flows into the ITS from this area were 
identifiable through visual inspection of the West Collector, a sump and former pump station installed 
at the western-most end of the ITS Southern Extension (ASI, 1991). The West Collector was 
hydraulically connected to a small pond immediately southwest of the sump, referred to as the Building 
774 Pond. The West Collector provided drainage for the Building 774 Pond, keeping the water level 
of the pond below the pond berm. Flows in the West Collector were measured in 1990 and were 
presented in the 1991 AS1 report. 

Field observations of the West Collector in the fall of 1992 identified no flow through the West 
Collector into the ITS Southern Extension. There no longer appeared to be a hydraulic connection 
between the West Collector and the Building 774 Pond, although the reason for this change is 
unknown. The water level in the Building 774 Pond was considerably higher in the fall of 1992 than 
previously observed. During the spring and summer of 1993, the Building 774 Pond overtopped its 
berm and inundated the general area near the pond and the West Collector. No flows from the West 
Collector into the ITS Southern Extension were observed during site visits in 1993. 

The lack of flow from the West Collector can have a significant impact on the total flows 
collected by the ITS. It had been estimated that flow from the West Collector could account for 22 
percent of the total ITS flows (ASI, 1991). Data available in 1991 indicated that volatile organic 
compounds (VOCs) were detected in water from the Building 774 Pond area. 

During storm events, the area near the Building 774 Pond and the West Collector drains to the 
east. This flow occurs in a ditch immediately south of the patrol road on the inside of (south of) the 
PA fenceline. The flows in this ditch eventually enter a 60-inch-diameter concrete culvert that flows 
to the north under the patrol road and under the PA fenceline. The flows in this culvert combine with 
flows in a 72-inch culvert carrying North Walnut Creek waters, This second culvert flows to the east 
where it surfaces above the A-series drainage ponds in the approximate location of surface Water 
station SW-093. 

Since April 95, 1993, flow from the ITS has been routed to the TMSTs and eventually 
transferred to either the flash evaporators in Building 910, or to the Building 374 process waste 
treatment system. There are three TMSTs north of the ITS. Each tank has a holding capacity of 
500,000 gallons. 

A.3.2 ITS Hydrology/Hydraulics 

The ground water present in OU4 flows principally in two hydrostratigraphic units (HSU). The 
Upper HSU is composed primarily of alluvial material which includes the Rocky Flats Alluvium, valley 
fill alluvium and colluvium. In areas where the underlying Arapahoe Formation is sandstone, it is 
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included in the Upper HSU because of the hydraulic connection. Ground water in the Upper HSU 
generally occurs under unconfined conditions. 

The Lower HSUs at  RFETS include sandstone units of the Arapahoe Formation and the 
Laramie/Fox Hills aquifer that exist beneath RFETS. Ground water in these aquifers may be confined 
by interbedded claystones and silty claystones. 

Ground water in the SEPs area is generally controlled by the local topography. The SEPs are 
constructed on an east to west-trending topographic ridge flanked on the north and south by tributaries 
of Walnut Creek. Ground water flow in the Upper HSU materials is generally toward North Walnut 
Creek, north of the SEPs, and toward South Walnut Creek, south of the SEPs. Ground water flow is 
generally believed to follow along the contact between the alluvium and the Arapahoe Formation 
claystones. The claystones have a low hydraulic conductivity, on the order of 1 x 10'' centimeters 
per second (cm/s), effectively constraining much of the flow within the unconsolidated materials above 
the alluvial/bedrock contact. The hydraulic conductivity of the Rocky Flats Alluvium and the upper 
Arapahoe Sandstone is approximately 1 x 1 O 6  cm/s. The lower Arapahoe sandstones have a hydraulic 
conductivity of approximately 1 0-6 cm/s. Table A-1 lists the hydraulic conductivities of saturated 
formations present in the SEPs area. 

Ground water flow in the SEPs area is influenced from recharge from precipitation, leakage 
from the SEPs, and drainage into the ITS. The amount of pumpage from the ITS has been estimated 
previously at  a maximum of 4,100,000 gallons per year with annual flows of approximately 3,100,000 
gallons (ASI, 1991 1. 

The ITS is a duplex pump station. Prior to the construction of the TMSTs and the force main 
to fill the TMSTs, the ITS pump station was capable of pumping 80 gallons per minute (gpm) with one 
pump operating, and approximately 100 gpm with both pumps operating. Any incoming flows that 
exceed 100 gpm fill the wet well, increasing its potential for overflow. Historically, overflow of the 
wet well occasionally occurred during wet weather conditions. The pumping capacity of the ITS pump 
station was upgraded as part of the TMST modifications. Although the data record is short, the ITS 
wet well is not believed to have overflowed since ITS waters have been routed to the TMSTs. The 
current configuration of the ITS allows a maximum pumping rate of approximately 135 gpm with both 
pumps operating. 

An evaluation of the ITS will include a hydraulic analysis of the capability of the system to 
convey ground water flows intercepted by the french drain pipes. The ITS is composed primarily of 
4-inch-diameter PVC pipes. These pipes are generally sloped quite steeply downhill to the ITS wet 
well. The ITS french drain collection pipes downgradient of the Southern Extension are installed at an 
angle to ground water flow direction (Figure A-2). Because of the angled pipe configuration, ground 
water would have to escape capture by at least two french drain collection pipes to bypass the ITS. 
With the addition of the Southern Extension, there are at least three collection pipes past which 
groundwater would have to flow in order to bypass the ITS, Thus, the ITS design has a safety factor 
incorporated into its design ensuring that if any one pipe becomes surcharged, there are additional 
collection pipes capable of collecting and conveying those flows. 
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Source Formation 

Ground Water Assessment Plan Valley Fill 

Alluvium 
Bedrock 

Hydrogeological Characterization Alluvium 

Addendum ~ Draft EG&G, 1990. 

of the Rocky Flats 
Environmental Technology Site, 
Hydro-Search, 1985. 

Arapahoe Sandstone 

Rocky Flats Alluvium 
Arapahoe Claystone 

Section E Ground Water 
Protection, Rockwell 
International, 1986. 

Hydraulic Conductivity 
(cm/s') 

9 x 10-3 

5.3 1 0 . ~  - 2.1 x i o6  
5.4 10-7 - 4 x io8 
1 X1o3 

4 x l o 6  

7 x 
3 x i o 7  

Walnut Creek Alluvium 3 x 
Woman Creek Alluvium 3 x 
Arapahoe Sandstone 2 x IO" 
Weathered Arapahoe 5 x 10-7 
Claystone 
Unweathered Arapahoe 1 x 10' 

Draft Final Ground Water 

Clay stone 

Rocky Flats Alluvium 6 x  l o 6  
Qal (Valley Fill) 2 x io4 

Rockwell International, 1988. I 
Vallev Fill I 3 x l O 3  

Protection and Monitoring Plan, 
EG&G, 1991. 

RCRA Part B Permit Application, 

Arapahoe Sandstone #1 

Arapahoe Sandstone W3, IO-' 
4, 5 

Sandstone 

(Weathered and 
Unweathered) 

Basal Arapahoe 1 0.' 

Arapahoe Claystone 107 - 10'8 

Rocky Flats Alluvium 7 x lo6 

SOURCE: 1990 Annual RCRA Ground Water Monitoiing Report (EG&G, 1991 1. 
(References listed in table are given in the source report.) 

022nz4imms-19.1 .WPF 

Hydrology of a Nuclear- 
Processing Plant Site, Hurr, 
1976. 

RCRA Post-Closure Care Permit 
Application, Rockwell 
International, 1988. 

A-8 

- -. 
Arapahoe Formation 2 10-6 1 x i o 7  
Rocky Flats Alluvium 1 x102  

Valley Fill NA 
Arapahoe Formation 1 x104 
Rocky Flats Alluvium 9 x 10' - 4 x 10' 

Valley Fill 5 x 1 o-6 
Arapahoe Formation NA 
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A brief review of the ITS indicates potential problems with the ability of the ITS Southern 
Extension to convey intercepted ground water flows. The ITS Southern Extension is perpendicular to 
ground water flows and thus can intercept a greater quantity of ground water than any other single 
ITS pipe. Hydraulic analysis of the Southern Extension pipes indicates that the pipe connecting the 
Southern Extension manhole to pipe 12 of the original portion of the ITS is the hydraulically-limited 
pipe. 

The connecting pipe from the Southern Extension manhole to pipe 12 has a length of 150 feet 
and a slope of either 0.005 or 0.01 5 foot-per-foot (ft/ft). Uncertainty exists as to the exact slope of 
the pipe because of conflicting information regarding the elevation of the southern end of pipe 12. 
Drawing 26637-01 indicates that the invert elevation at the southern end of pipe 12 is 5,925.5 feet, 
while Drawing 26637-02 indicates that the invert elevation at the southern end of pipe 12 is 5,924.0 
feet. If the southern end of pipe 12 has the former invert elevation (5,925.5 feet), then the slope of 
the pipe connecting the Southern Extension manhole to pipe 12 is 0.005 ft/ft. On the other hand, if 
the southern end of pipe 12 has the latter invert elevation (5,924.0 feet) then the slope of the pipe 
connecting the Southern Extension manhole to pipe 12 is 0,015 ft/ft. With a slope of 0.005 ft/ft, this 
pipe is capable of conveying flows of up to 67 gpm when water in the ITS Southern Extension manhole 
is backed up to the bottom of the inlet pipes. Flows greater than 67 gpm can potentially cause water 
to back up into the collection pipes feeding the Southern Extension manhole. 

Back-up of waters into these collection pipes could cause a discharge from some of the 
collection pipes, allowing the waters to bypass the Southern Extension collection system. These high 
flows are most likely to occur during or immediately following precipitation events since the design of 
the Southern Extension allows for collection of surface water runoff. The data record for piezometers 
immediately downgradient of the ITS Southern Extension should be reviewed following major 
precipitation events to determine if surcharging of the Southern Extension pipe occurs. To date, the 
data do not indicate any surcharging of the Southern Extension pipe. 

A.3.3 Area Characteristics 

The ITS and its tributary areas are located in the North Walnut Creek drainage basin. A 
discussion of this drainage basin can be found in the "Rocky Flats Environmental Technology Site 
Drainage and Flood Control Master Plan" (Wright Water Engineers, 1992). The Walnut Creek drainage 
basin is located on a relatively flat surface of Rocky Flats Alluvium which decreases in thickness 
toward the east. The pediment surface and overlying alluvium have been eroded by Walnut Creek on 
the north and Woman Creek on the south, creating variable topographic and hydrologic characteristics 
across the Walnut Creek drainage basin. Closer to the stream bottoms, colluvium and valley fill 
materials are encountered, essentially consisting of eroded alluvial materials. In order to standardize 
nomenclature in this report, the term "unconsolidated materials" refers to those soils above bedrock 
consisting of Rocky Flats Alluvium, colluvium, and Valley Fill Alluvium. 

The western portion of the basin slopes approximately two percent toward the east and center 
of the plant. These western soils have high infiltration rates. The center portion of the basin is highly 
eroded and contains gullies with up to 20 percent side slopes and 4 percent channel slopes leading into 
the Walnut Creek tributaries. Contact between the unconsolidated materials and the underlying 
Arapahoe Formation in this area has created seeps contributing to surface water runoff. These central 
soils have low infiltration rates (Wright Water Engineers, 1992). The eastern portion of the basin 
consists of broad valleys with approximately 5 percent side slopes and 2 percent channel slopes 
contributing to Walnut Creek. These eastern soils have a low to medium infiltration rate. 
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Most of the Walnut Creek drainage basin is undeveloped except for the highly developed RFETS 
industrial area. The RFETS industrial area is located over the original upland and steep gully portion 
of the basin. Development has changed the original land form to a generally flat area sloping gently 
to the east. The area is heavily developed, with high imperviousness (Wright Water Engineers, 1992). 
The relationship between rainfall and the resulting runoff is determined by topographic, geologic, soil, 
and physical characteristics of the drainage basin. Additional information and details on basin 
boundaries and aggregate characteristics of the Walnut Creek drainage basin can be found in the 
"Master Drainage Plan" (Wright Water Engineers, 1992). 

e 

Surface and ground water flows into the ITS are directly related to the rainfall-runoff 
relationship of the area tributary to the drain that intersects the ground surface. The tributary areas 
to ITS storm water flows include the hillside north of the SEPs and the Building 779 area. These areas 
are defined in the Rocky Flats Environmental Technology Site Drainage and Flood Control Master Plan 
(RFETS MDP) as basins CWAC7 and CWAC9, respectively. Basin parameters, slightly modified to 
reflect the primary routing of surface runoff into the ITS (instead of into the storm water drain) and the 
reduction of Building 779 area runoff, were used to calculate the amount of runoff from Building 779 
collected by the ITS (EG&G, 1993a). Characteristics of these sub-basins include paved areas and 
buildings; ditches and enclosed depressions; unpaved areas with low slope; and open, unpaved areas 
with high slope. 

A.4 AVAILABLE WATER BALANCE DATA 

Previous RFETS studies (ASI, 1 99 1 ) have developed water balances around the ITS using data 
compiled from historical records (including regional data compiled by outside agencies) and data from 
site-specific investigations. In this report, OU4-specific data derived from the 1 992/1993 RFI/RI Phase 
I investigation were used to develop a water balance for the ITS. These data were then used to assess 
the ITS'S efficiency in capturing ground water from unconsolidated materials. 

EG&G's April 1993 "Interceptor Trench System Water Balance" study (EG&G, 1993a) and 
ASl's January 1991 "Solar Pond Interceptor Trench System Ground Water Management Study" (ASI, 
1991 1 served as a foundation for development of the water balance. Data collected during the RFI/RI 
investigation (from December 1992 through December 1993) were used in this report to expand upon 
the conclusions from these earlier studies. In particular, data on the elevation of the top of bedrock 
as well as saturated and unsaturated conditions in the unconsolidated materials were generated as 
a portion of these RFURI activities. Data generated on saturated unconsolidated material conditions, 
as a part of the RFI/RI activities, were used to develop the quantity of ground water the ITS should 
collect, assuming 1 00-percent-efficient groundwater capture. These calculated quantities of water 
were then compared to the volumes of water actually pumped from the ITS pump house. 

Since May 1993, a flow meter has generated data, on a daily basis, on the volumes of water 
pumped from the ITS pump house. For a six-week period in June and July of 1993, the meter was 
inoperative due to a mechanical failure, and data are not yet available for early August to mid- 
September, 1993. The flow meter currently in use was installed as a portion of the activities related 
to construction of the TMST system. Prior to the installation of this meter, no accurate flow records 
were available for the ITS. 
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A.4.1 Precipitation 

The RFETS generates data on precipitation and other weather conditions on a real-time basis 
from meteorological monitoring towers. Summary data on RFETS precipitation have been compiled 
by EG&G’s Air Quality Division and are included in Table A-2. These data include normal precipitation 
events from 1961 through 1990 and extreme precipitation events from 1953 through 1993. 
Precipitation at the RFETS is typically most prevalent from March through September, with peaks in 
May. In addition to these summary data, daily precipitation data for RFETS are included in Table A-3 
for May through December, 1993. Comparison of Tables A-2 and A-3 reveals that the mean 
precipitation for May through December is normally 1 1.71 inches, but in 1993 the precipitation in this 
same period was only 8.40 inches. This relative lack of precipitation (72 percent of normal) should 
be reflected in smaller-than-normal quantities of water collected and pumped by the ITS for 1993. 

A.4.2 Runoff 

The Southern Extension of the ITS collects storm water runoff. Estimates of the amount 
collected have been made using typical principles of storm water engineering (EG&G, 1993a). 
Estimates of ITS inflow based on summary precipitation are listed in Tables A-4, A-5, and A-6. It is 
important to note that these flow estimates are based on calculations of runoff and assumed ITS 
collection efficiencies, rather than on empirical flow data collected from the ITS. Figure A-4 includes 
expected runoff hydrographs for RFETS two-hour storm events (for 0.5 inch to 3.5 inches of 
precipitation in 0.5-inch increments). The storm water runoff from the Building 779 area alone has 
been identified in previous studies as a major contributor (approximately 700,000 gallons per year for 
an average year, or 36 percent of the total ITS flow) to the overall volume of water collected by the 
ITS (EG&G, 1993a). Runoff modeling shows that for storm events of less than 0.25 inches per 2 
hours, no appreciable runoff is generated for the total area (including both the hillside north of the SEPS 
and the Building 779 area) tributary to the ITS (EG&G, 1993a). A more complete explanation of the 
assumptions and evaluations used to develop the above-referenced hydrographs and statements are 
contained in the ”Interceptor Trench System Water Balance” report (EG&G, 1993a). 

Flow data from the ITS are available, including storm water runoff data. Section A.4.5 of this 
report discusses the conclusions and observations drawn from the combined precipitation records and 
ITS flow records for May, June, and July of 1993. 

A .4.3 Infiltration 

Infiltration through the vadose zone at OU4 occurs primarily from late winter through early 
spring when precipitation exceeds bare soil evaporation and plant transpiration. Therefore, recharge 
through the vadose zone is seasonal and only occurs during this period. Infiltration probably occurs 
through macropores and through interstitial flow in localized soil areas of higher hydraulic conductivity. 
This is evidenced by the relatively rapid response of the water table to a precipitation event observed 
at some of the piezometer locations at OU4. When deep infiltration occurs, variably-saturated vadose 
zone flow is generally vertically downward from ground surface to the unconfined ground water table. 
Ground water recharge by interstitial infiltration is estimated for OU4 at 9 x 1 O 3  inchedyear. The ITS 
response to infiltration appears to be dependent upon the magnitude of the precipitation event. The 
ITS pumped flow does not appear to increase following minor (less than 0.2 inch in a day) precipitation 
events. 
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TABLE A-2 
NORMAL (1961-1990) AND EXTREME (1953-1993) 

MONTHLY PRECIPITATION AT THE ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 

Maximum 
Mean Monthly 

Month (inches) (inches) Year 

January 0.46 1.73 1959 

Fe b ruary 0.53 1.81 1959 

March 

April 

May . 

June 

July 

August 

September 

October 

November 

December 

TOTAL 

1.24 

1.75 

2.74 

2.05 

1.64 

1.57 

1.46 

0.91 

0.80 

0.54 

15.69 

4.52 

4.73 

9.70 

4.79 

5.90 

4.59 

4.49 

4.83 

2.47 

1.50 

983 

973 

969 

969 

965 

982 

976 

969 

983 

958 

~ ~~ ~ 

Maximum Annual 
(listed monthly) 

(inches) Year 

0.25 

0.1 2 

0.79 

1.02 

9.70 

4.79 

2.22 

0.49 

0.1 1 

4.83 

0.81 

0.54 

25.67 

1969 

1969 

1969 

1969 

1969 

1969 

1969 

1969 

1969 

1969 

1969 

1969 

EG&G. 1 993a. Interceptor Trench System Water Balance, EG&G internal Report, 
Submitted to the SEPs Project Office, by the Surface Water Division. April 13. 
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TABLE A-3 
SOLAR EVAPORATION PONDS - INTERCEPTOR TRENCH SYSTEM 

PUMPING AND PRECIPITATION DATA 

PRECIPITATION 
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TABLE A-3 
SOLAR EVAPORATION PONDS - INTERCEPTOR TRENCH SYSTEM 

PUMPING AND PRECIPITATION DATA 
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TABLE A-3 
SOLAR EVAPORATION PONDS - INTERCEPTOR TRENCH SYSTEM 

PUMPING AND PRECIPITATION DATA 
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TABLE A-3 
SOLAR EVAPORATION PONDS - INTERCEPTOR TRENCH SYSTEM 

PUMPING AND PRECIPITATION DATA 

PRECIPITATION 

Note: Source of data - EG&G 1993a, and ITPH data sheets. 
Dates with no data were deleted from table and blank cells indicate no data available. 
*Averaged ~ "Gallons pumped" was averaged across periods of no data. 
Malfunction -Water flow meter malfunctioned, no data available. 
No Reading ~ Water flow meter was not read on that day. No Data - No data available for these date 



TABLE A 4  
INTERCEPTOR TRENCH SYSTEM WATER BALANCE (APRIL 13, 1993) 

MAXIMUM TMST~’ INFLOW BASED ON MEAN ANNUAL PRECIPITATION 

Maximum Surface Average Ground 

Precipitation Inflow to TMST TMST TMST 
Mean Monthly Runoff Water Inflow to Total inflow to 

(inches) (1,000 gallons) (1,000 gallons) (1,000 gallons) 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

TOTAL 

0.46 

0.53 

1.24 

1.75 

2.74 

2.05 

1.64 

1.57 

1.46 

0.91 

0.80 

0.54 

15.69 

28 

32 

74 

105 

164 

123 

98 

94 

88 

55 

48 

32 

94 1 

60 

80 

101 

122 

119 

111 

99 

92 

91 

74 

56 

47 

1,052 

88 

112 

175 

227 

283 

234 

197 

186 

179 

129 

104 

79 

1,993 

TMST = Temporary Modular Storage lank a/ 

EG&G. 1 993a. Interceptor Trench System Water Balance, EG&G Internal Report, 
Submitted to the SEPs Project Office, by the Surface Water Division. April 13. 
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TABLE A-5 
INTERCEPTOR TRENCH SYSTEM WATER BALANCE (APRIL 13, 1993) 

MAXIMUM TMST"' INFLOW BASED ON MAXIMUM ANNUAL PRECIPITATION 

Maximum Surface Average Ground 
Maximum Runoff Water inflow to Total Inflow to 

Precipitation (1.000 gallons) (1,000 gallons) (1,000 gallons) 
Annual Inflow to TMST YMST TMST 

January 0.25 

February 0.12 

March 0.79 

April 1.02 

May 9.70 

June 4.79 

July 2.22 

August 0.49 

September 0.1 1 e October 4.83 

November 0.81 

December 0.54 

15 

7 

47 

61 

582 

287 

133 

29 

7 

290 

49 

32 

60 

80 

101 

122 

119 

111 

99 

92 

91 

74 

56 

47 

75 

87 

148 

183 

701 

398 

232 

121 

98 

3 64 

105 

79 

TOTAL 25.67 1,540 1,052 2,592 

TMST = Temporary Modular Storage Tank rl 

EG&G. 1 993a. Interceptor Trench System Water Balance, EG&G Internal Report, 
Submitted to the SEPs Project Office, by the Surface Water Division. April 13. 

022/724629/R9-18-1 .WPF 0 A-18 
OU4 Phase I I  

Saptember 1,1994 



TABLE A-6 
INTERCEPTOR TRENCH SYSTEM WATER BALANCE (APRIL 13. 1993) 

MAXIMUM TMST"' INFLOW BASED ON MAXIMUM MONTHLY PRECIPITATION 

Maximum Maximum Surface Average Ground 
Monthly Runoff Water Inflow to Total Inflow to 

(inches) t 1,000 gallons) (1,000 gallons) (1,000 gallons) 
Precipitation Inflow to TMST TMST TMST 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

TOTAL 

1.73 

1.81 

4.52 

4.73 

9.70 

4.79 

5.10 

4.59 

4.49 

4.83 

2.47 

1.50 

50.26 

104 

109 

27 1 

284 

582 

287 

306 

275 

269 

290 

148 

90 

3,016 

60 

80 

101 

122 

119 

111 

99 

92 

91 

74 

56 

47 

1,052 

164 

189 

372 

406 

701 

398 

405 

367 

360 

364 

204 

137 

4,068 

TMST = Temporary Modular Storage Tank S I  

EG&G. 1993a. Interceptor Trench System Water Balance, EG&G Internal Report, 
Submitted to the SEPs Project Office, by the Surface Water Division. April 13. 
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A.4.4 Upper HSU Ground Water Quantities 

The ITS was originally designed to collect contaminated ground water from the unconsolidated 
materials and thus help protect the water quality of North Walnut Creek. To collect all ground water 
from the unconsolidated materials, the ITS would have to be constructed at the base of the Upper HSU 
with sufficient hydraulic capacity to convey all intercepted ground water flows. Thus, a basic step in 
evaluation of the effectiveness of the ITS is an assessment of where the system is keyed into the 
bedrock. 

The migration of contaminants in the Upper HSU at RFETS is of much greater concern than 
migration of contaminants in the Lower HSU (i.e., unweathered bedrock) because the Upper HSU 
typically has hydraulic conductivities one or two orders of magnitude greater than that of the Lower 
HSU ground water system. If the ITS is keyed into unweathered claystone bedrock, then it could be 
effective in collecting all of the Upper HSU ground water. Where the ITS is not keyed into bedrock, 
it cannot be effective in collecting all of the Upper HSU ground water. Upgrades to the ITS should be 
considered if ground water is known or suspected to contain contamination in areas where the system 
is not keyed into bedrock or is keyed into sandstone bedrock. A t  the current time, many of the areas 
where the ITS is expected to be above the top of bedrock have few or no ground water monitoring 
wells. Monitoring wells are proposed in the Phase I1 work plan in areas where the ITS is expected to 
be above bedrock. These wells can be used to further assess the presence and quality of ground water 
in those areas. 

To evaluate if the ITS is keyed into bedrock, the invert elevations on the as-built drawings for 
the ITS were compared with the draft top-of-bedrock elevation map. The results of this comparison 
are presented in Table A-7. Because the information had to be manually transferred from a number 
of different sources to obtain the desired information, and because many of the values were 
interpolated between known data points, the tabulated values should be considered approximations. 
The source drawings for the pipe invert elevations were Drawings 277550-033 for pipes 1 through 6, 
27550-040 for pipes 6 through 18, and 27550-050 for pipes 18 and 19. The elevations of the 
Southern Extension of the ITS were taken from Drawings 26637-01 and 26637-02. The results of 
this evaluation are depicted on Figure A-5. 

This preliminary ITS evaluation was part of the Phase I RFVRI field investigation program. A 
number of piezometers were installed to generate site-specific information for evaluation of the 
effectiveness of the ITS. The objectives of this investigation generally included identification and 
monitoring of the Upper HSU ground water elevation in the vicinity of the ITS, identification of bedrock 
elevations relative to the ITS, development of information on hydraulic characteristics of the 
unconsolidated materials through the drawdown curves into the ITS, and the estimation of ground 
water flow directions. The piezometers and boreholes installed for assessment of the ITS included the 
strings of piezometers identified below. These piezometers and boreholes are identified on Figure A-6. 

Piezometer Strina PZO1: 

This piezometer string straddles the eastern pipe of the ITS Southern Extension, and is in the 
area of old Trench #2. The ITS appears to be keyed into bedrock in this area. The piezometers 
that make up this string are 46093 (downgradient of the ITS Southern Extension), 46193 
(upgradient of the ITS Southern Extension and downgradient of old Trench #2), and 46293 
(upgradient of both the ITS Southern Extension and old Trench #2). Piezometer 46093 should 
be dry i f  the ITS is keyed into bedrock in this area and is desaturating the unconsolidated 
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TABLE A-7 
COMPARISON OF ITS 

CONSTRUCTION DETAIL WITH BEDROCK ELEVATION 

Pipe Location on Pipe Depth to Pipe Depth to Bedrock Bedrock Depth-Pipe 
Number (feet) (feet) Depth (feet)"' 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

Southern 
Extension 

Northernmost Extent 
Southernmost Extent 
Center Dog Leg 
Northernmost Extent 
Southernmost Extent 
Center Dog Leg 
Northernmost Extent 
Southernmost Extent 
Northernmost Extent 
Southernmost Extent 
Northernmost Extent 
Southernmost Extent 
Northernmost Extent 
Southernmost Extent 
Northernmost Extent 
Southernmost Extent 
Northernmost Extent 
Southernmost Extent 
Southernmost Extent 
Southernmost Extent 
Southernmost Extent 
Northernmost Extent 
Southernmost Extent 
Northernmost Extent 
Southernmost Extent 
Northernmost Extent 
Southernmost Extent 
Northernmost Extent 
Southernmost Extent 
Northernmost Extent 
Southernmost Extent 
Northernmost Extent 
Southernmost Extent 
Northernmost Extent 
Southernmost Extent 
Northernmost Extent 
Southernmost Extent 
East End 

Center (Manhole) 
West End of French Drain 

13 
13 
20 
12 
6.5 
10 
9.5 
17 

15.6 
14 

18.7 
3 
20 
3.5 
15 
4.5 
7 
4 

5.5 
5 
1 
3 
0 
16 
4 
27 
3.5 
12.5 
1.5 
5 
2 

8.5 
3.5 
8 
2 
7 
6 
4 

5.7 
2.6 

27 
14 
8 
20 
17 
18 
20 
17 
22 
14 
18 
16 
12 
2 
12 
1 
10 
2 
3 
1 
2 
10 
0 
28 
-261 
8 

0 b/ 

2 
0 b/ 

5 
0 b' 

6 
Ob' 
20 
4 
14 
1 
1 

Ob' 
4 

14 
1 .o 
-1 2 
8 

10.5 
8 

10.5 
0 

6.4 
0 

-0.7 
13 
-8 

-1.5 
-3 

-3.5 
3 
-2 

-2.5 
-4 
1 
7 
0 
12 
-6C' 
-1 9 
-3.5 
-1 0.5 
-1.5 
0 
-2 

-2.5 
-3.5 
12 
2 
7 
-5 
-3 

-5.7 
1.4 

a' Positive number indicates bedrock is deeper than pipe; negative number indicates pipe penetrates bedrock. 
b' Available data indicates bedrock at ground surface. 

Results are questionable, and require additional evaluation. 
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materials. The invert elevation of the ITS Southern Extension at this point should be 
approximately 5931.6 feet. 

Piezometer 46093: Based on April through late September 1993 water level measurements, 
this piezometer has been dry (no water in the sump to activate the water level measurement 
instrument). No bedrock elevation data are available for this hole because no core was 
collected (the piezometer was pushed into place). This piezometer does indicate that no water 
was present at an elevation of 5,925.6 feet  (the bottom of the well screen) which is below the 
expected top of bedrock elevation. The bottom of the screen at piezometer 46093 is 
approximately 7 feet bgs at an elevation of 5,925.6 feet. The top of bedrock in the next 
nearest piezometer, 46193, is 2.2 feet bgs, at an elevation of 5933.5 feet. The data from 
piezometer 46093, along with data from other piezometers in string PZO1, indicate that the 
ITS appears to be effective in collecting the Upper HSU ground water near this piezometer. 

Piezometer 461 93: This piezometer had water levels below the bottom of the screen in April 
1993, with the water level steadily increasing to an elevation 0.9 feet above bedrock in late 
July. unconsolidated 
materials were present in this piezometer, the piezometer to the north (46093) indicated 
desaturated conditions. Therefore, it appears that all Upper HSU ground water upgradient of 
the ITS in the general area of piezometer string PZOl is effectively collected by the ITS. The 
top of bedrock elevation (5,933.5 feet) in this piezometer is approximately 4.8 feet above the 
bottom of the screen and 2.2 feet tags. 

The data record ends in late July; however, whenever saturated 

Piezometer 46293: Based on the April to November 1993 water level measurements, 
unconsolidated materials were saturated near this piezometer for most of the period; however, 
piezometer 46093 indicated dry conditions downgradient of the ITS throughout the period of 
record. Therefore, it appears that the ITS is effective in the collection of all Upper HSU 
ground water in this area. The top of bedrock elevation at piezometer 46293 equalled the 
bottom of the screen elevation of 5,931.6 feet. 

Piezometer Strina PZ02: 

This piezometer string straddles the ITS eastern header pipe. It includes piezometers 46393 
(downgradient of the ITS), 40193 (downgradient of pipe 6 of the ITS and upgradient of the ITS 
eastern header pipe), and 46493 (upgradient of pipe 6 of the ITS). The ITS appears to be keyed into 
bedrock in this area. Piezometers 40193 and 46493 should both be dry if the ITS is keyed into 
bedrock in this area and desaturating the unconsolidated materials. The invert elevation of the 
eastern header pipe at this point should be 5,883 feet, and the invert of pipe 6 should be 5,890 
feet. 

Piezometer 46393: The April 1993 water level measurements in this piezometer showed water 
present in the sump, but not above the bottom of the screen. Thus, this well indicates that 
the unconsolidated materials were "dry" at that time; however, the water level in this 
piezometer steadily increased with time until early October, when there were approximately 
3.4 feet of saturated aquifer materials. The bottom of the screen for this piezometer is located 
at an elevation of 5,877.9 feet, just below the top of bedrock, which occurred at 5,878.4 feet. 
Therefore, this piezometer can accurately identify if the unconsolidated materials are saturated. 
The piezometer is located downgradient of the eastern header pipe of the ITS, indicating that 
water is present in the unconsolidated materials at this point. The reasons for the presence 
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of water are unclear, but may be due to a leak in the eastern header pipe, or related to a slump 
feature identified in the area which could contribute to unusual water level fluctuations. 

Piezometer 401 93: Based on the April through November 1993 water level measurements, 
this piezometer was completely dry. Thus, this piezometer is considered to demonstrate "dry" 
conditions in the unconsolidated materials due to the collection of ground water by the ITS. 
The bottom of this piezometer screen is located at  5,880.7 feet, just below the top of bedrock, 
which is at 5,881 -3 feet. Thus, this piezometer can accurately indicate if the unconsolidated 
materials are saturated at  this location. 

Piezometer 46493: The April through late September, 1993 water level measurements for this 
piezometer have indicated that it is dry. This piezometer is considered to demonstrate "dry" 
conditions in the unconsolidated materials due to the collection of ground water by the ITS. 
The bottom of the screen for this piezometer is completed at the top of bedrock (5,887.3 feet). 
Therefore, this piezometer can accurately indicate if saturated conditions exist in 
unconsolidated materials at  this location. 

Piezometer Strinq PZ03: 

This piezometer string is installed within the interior of the eastern portion of the ITS. It includes 
piezometers 45393 (located within the ITS, immediately west [upgradient] of pipe 6, and east 
[downgradientl of pipe 71, 45293 (located within the ITS, immediately east [downgradientl of pipe 
61, 44893 (midway between pipes 5 and 6, downgradient of pipe 5 and upgradient of pipe 61, 
44993 (immediately west [upgradient] of pipe 5), and 45093 (immediately east [downgradientl of 
pipe 5). ITS pipe 6 should be keyed into bedrock in this area, and Pipe 5 should be completely Out 
of bedrock in this area. If the ITS is keyed into bedrock, then piezometer 45393 should be dry with 
respect to ground water. The other piezometers possibly may have ground water present. The 
invert elevation of pipe 5 at this point should be 5,916 feet, while the invert elevation for pipe 6 
should be 5,905 feet. This piezometer string was sited partly to investigate the possible existence 
of a paleochannel in this area. It was to straddle this paleochannel which trends to the northeast. 
Piezometer 44893 was located to intersect the center of the expected paleochannel. 

Piezometer 45393: This piezometer was dry based on the April through late September, 1993 
water level measurements. Because bottom of the screen for this piezometer is located at the 
top of bedrock (5,907.0 feet), it can accurately indicate saturated conditions in unconsolidated 
materials. Thus, this piezometer is considered to indicate that the unconsolidated materials are 
unsaturated. 

Piezometer 45293: This piezometer had no water above the bottom of its screen during the 
period of record. The bottom of the screen for this piezometer is located at 5,912.3 feet, 
which is also the top of the bedrock surface. Thus, this piezometer indicates the presence of 
desaturated unconsolidated materials in the vicinity. 

Piezometer 44893: Based on the April 1993 water level measurements, 3.90 feet of saturated 
unconsolidated materials were present at this piezometer. From that time until the end of the 
data record in early November 1993, the thickness of saturated unconsolidated materials 
typically decreased with each successive sampling; however, this piezometer cannot be used 
to fully indicate unsaturated conditions in the unconsolidated materials since 2.2 feet of 
unmonitored aquifer materials exist below the bottom of the screen. The bottom of the screen 
for this piezometer is located at 5,911.8 feet, while the top of bedrock is located at 5,909.6 
feet. It is believed that this piezometer was drilled through a paleochannel that is oriented 
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downgradient to the northeast. This paleochannel is evidenced by the lower elevation of the 
top of bedrock in piezometer 44893 compared to the nearest piezometers (45293 and 44993). 
It appears that the bottom of this paleochannel could be passing beneath the ITS system pipes. 
This paleochannel could be a pathway for the migration of contaminants past the ITS system. 
Thus, the existence of ground water in piezometer 44893 could be indicative of this 
contaminant migration pathway. 

Piezometer 44993: Based on the data record from April to late September 1993, the water 
level measured in this well was below the bottom of the well screen. Thus, this piezometer 
indicates that the unconsolidated materials are unsaturated. Since the bottom of ttie well 
screen is at the top of bedrock (5,914.2 feet), this piezometer can accurately indicate 
unsaturated conditions in the unconsolidated materials. 

Piezometer 45093: Based on the data record from April to late September 1993, the water 
level measured in this well was typically below the bottom of the well screen. However, this 
piezometer cannot be used to accurately identify if unconsolidated materials are unsaturated 
since the bottom of the screen (5,916.3 feet) is above the top of the bedrock surface (5,916.0 
feet). 

Piezometer Strina PZ04: 

This piezometer string is located on the western half of the ITS Southern Extension. The 
piezometers that make up this string are 45593 (immediately downgradient of the ITS Southern 
Extension), 45693 (immediately upgradient of the ITS Southern Extension), 45793 (upgradient Of 

the ITS Southern Extension), 45893 (upgradient of the ITS Southern Extension), and 45993 
(upgradient of the ITS Southern Extension). The ITS should be keyed into bedrock in this area. 
Therefore, piezometer 45593, located immediately downgradient of the ITS Southern Extension, 
should be dry with respect to the presence of Upper HSU ground water. Piezometers 45793, 
45893, and 45993 were placed far enough upgradient from the ITS Southern Extension so that no 
alluvial ground water table depression, due to the influence of the ITS, should have been evident. 
Furthermore, the three latter piezometers were located to intersect or straddle what appeared to be 
a historic drainage present in this area. The historic drainage is based on aerial photography that 
pre-dated the existence of the SEPs. Thus, piezometers 45793, 45893, and 45993 were located 
for the development of both top of bedrock elevations as well as ground water elevations. The 
invert elevation of the ITS Southern Extension at this point should be 5,930.5 feet. 

Piezometer 45593: April through late September 1993 water level measurements in this 
piezometer indicate water levels below the base of the screen. Therefore, this well is thought 
to demonstrate that the unconsolidated materials are unsaturated. Bedrock elevation data for 
this piezometer is not available because the well screen was pushed, not drilled, into place. 
The bottom of the screen is located at  an elevation of 5,928.0 feet, which is at a depth of 5.5 
feet below ground surface. Piezometer 45693 is the next nearest piezometer. The bedrock 
at 45693 occurs at a depth of approximately 0.8 feet below ground surface. It is estimated 
that the depth to bedrock at piezometer 45593 would be similar to the depth to bedrock at 
45693. 

Piezometer 45693: Water level measurements during April and May 1993 indicate up to 6.0 
feet of saturated unconsolidated materials near this piezometer. The available data indicate 
that since August 1 993, the thickness of saturated unconsolidated materials has increased 
considerably; however, this piezometer is upgradient of the ITS. Data from piezometer 45593, 
downgradient of the ITS, indicates essentially complete collection of Upper HSU ground water 

022/724629/f39-19-1 .WPF e A-27 
OU4 Phoe It 

Septembar 1, 1004 



by the ITS whenever saturated unconsolidated materials are noted in piezometer 45693. The 
top of bedrock at piezometer 45693 occurred at 5,935.8 feet. The bottom of this piezometer 
screen was installed at an elevation of 5,931.3 feet. 

Piezometer 45793: The water level measurements at this piezometer have typically been 
below the bottom of the screen. The bottom of the screen for this piezometer is at the top of 
bedrock elevation (5,946.4 feet). This piezometer can be used to determine if the 
unconsolidated materials are unsaturated; however, due to its distance from the ITS Southern 
Extension, piezometer 45793 cannot be used to determine if the ITS Southern Extension is in 
fact desaturating alluvial materials. This piezometer is located far enough from the ITS 
collection that it would be expected to have water present in it from other sources, regardless 
of the effectiveness of the ITS system. 

Piezometer 45893: This piezometer is approximately 125 feet upgradient of the ITS Southern 
Extension. Given this separation from the ITS, it is expected that saturated alluvium could 
occur at this piezometer even if the ITS were fully effective. However, all water level 
measurements for this piezometer have indicated water levels below the top of the bedrock 
surface. The top of bedrock at this piezometer occurred at an elevation of 5,951.4 feet, and 
the bottom of the piezometer screen was placed at an elevation of 5,942.4 feet. 

Piezometer 45993: The first water level measurement taken at this well on April 9, 1993 
indicated that approximately 2.59 feet of saturated unconsolidated materials were present. 
The measured water level in the piezometer dropped quickly, with water essentially at the 
bottom of the screen by April 22, 1993, and typically below the bottom of the screen 
thereafter. The bottom of the screen for this piezometer is at 5945.7 feet, which is above the 
top of the bedrock surface, at 5,945.4 feet, however, due to its distance from the ITS 
Southern Extension, piezometer 45993 cannot be used to determine if the ITS Southern 
Extension is in fact desaturating alluvial materials. It is expected that at times this piezometer 
should reflect saturated unconsolidated materials. 

The results from these piezometer strings largely support the earlier findings regarding where 
the ITS was keyed into bedrock. The piezometers that were dry should have been dry if the ITS was 
keyed into bedrock and collecting Upper HSU ground water. Other reports have documented the 
extent of the desaturated unconsolidated materials created by the ITS (see Figures 4-34 and 4-35 in 
the "Final Ground water Assessment Plan" [EG&G, 1993b1). Similarly, estimates of bedrock elevations 
were also generally supported by the more specific bedrock elevation data generated from these 
piezometers. The data from the piezometers also allow for a more detailed evaluation of the quantities 
of ground water that should be collected by the ITS. 

Based on the analysis of the locations in which the ITS is keyed into bedrock, the ITS should 
intercept ground water flow over a 1,400-foot length, perpendicular to overall ground water flow 
direction. This 1,400-foot length was determined from the area in which the ITS was keyed into 
bedrock, extending from the farthest western extent of the ITS east to approximately 2 10 feet east 
of the eastern edge of the 2078-Series SEPs (Figure A-5). The total amount of ground water collected 
on a given day can be estimated from the cross-sectional area of the ground water flow collected, and 
can be used to further determine the possibility that the ITS is collecting all ground water flow. 

Saturated unconsolidated materials thicknesses immediately upgradient of the ITS were 
obtained from piezometers 45693, 45793, 45893,45993, 461 93, and 46293. These are piezometers 
in strings PZOl (46193 and 46293) and PZ04 (45693, 45793, 45893, and 45993). Of these 
piezometers, those further south should reflect "naturally" saturated unconsolidated materials. 
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Piezometers located closer to the ITS may be within the drawdown curve near the ITS french drains. 
Therefore, these piezometers would underestimate the amount of saturated unconsolidated materials 
present farther away from the ITS. The data on saturated unconsolidated materials from these 
piezometers were used to calculate the amount of ground water that should have been collected by 
the ITS on the chosen dates, 

In all cases, piezometer 46293 recorded the maximum thickness of saturated unconsolidated 
materials, and this saturated thickness was extrapolated across the entire cross-sectional flow area 
east of that piezometer. The eastern end of the area in which the ITS is keyed into bedrock has 
numerous monitoring wells, but none of the wells is completed in unconsolidated materials. The 
average unconsolidated materials saturated thickness east of 46293 is based on averaged data at 
piezometer 46293, unless the saturated thickness there exceeded 1 foot. The far eastern end of the 
Southern Extension of the ITS has approximately 1 foot of alluvium present, so the average saturated 
thickness for that area is averaged based on this maximum saturated thickness. To the west of 
piezometer 46293, the average saturated thickness of the unconsolidated materials was estimated 
with data from piezometers 45693 and 46293. 

The hydraulic conductivity of the unconsolidated materials was conservatively assumed to be 
the maximum reported value in the OU4 area, 3 x cm/s. The slope of the water table was 
assumed to be 0.1 ft/ft. Five dates were selected to represent the different prevailing conditions, and 
also were chosen as non-precipitation days. The ITS will collect considerable quantities of storm water 
runoff on precipitation days and immediately following precipitation days. Snowmelt in particular could 
account for storm water collection by the ITS over an extended period. It is difficult to quantify the 
exact amount of storm water runoff the ITS collects. 

Estimates of the amount of ground water that should have been collected on five separate 
dates are presented in Table A-8. Also presented in Table A-8 is the amount of water pumped out of 
the ITS wet well for those dates. The ITS flow measurements are discussed in more detail in the 
following section of this report. In all cases, the ITS collected more water than necessary to account 
for maximized estimates of the amount of ground water it should have collected. 

This further indicates that the ITS is effective in collecting ground water where it is keyed into 
bedrock. The volume difference between calculated and pumped flows could be accounted for in 
flows from sources other than upgradient sources. For example, the ITS may be capturing ground 
water from North Walnut Creek or, the ITS may be collecting ground water from unconsolidated 
materials in areas where the ITS is not keyed into bedrock. 

In summary, the data generated from these strings of piezometers generally support the finding 
that the ITS is effective in the collection of ground water where the ITS is keyed into bedrock. 

A.4.5 ITS Flow Measurements 

Accurate long-term ITS flow records were not maintained until April 1993, when ITS inflow 
was transferred to the TMSTs rather than to the SEPs. The original ITS was constructed without a 
flow meter, and a paddle-wheel flow meter installed in 1988 produced unreliable readings due to 
system cavitation. Therefore, the quantity of surface water and ground water collected and transferred 
from the ITS to the SEPs was never accurately measured. Estimates of the actual transferred 
quantities were calculated by three separate methods in the AS1 study (ASI, 1991 1 from the limited 
data available at the time. These methods, and the results, are identified below. 
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TABLE A-a 
COMPARISON OF COLLECTED GROUND WATER FLOWS 

WITH ITPH"' SYSTEM-PUMPED FLOWS 

Saturated Saturated 

Thickness - Thickness- Ground water 
Piezometer Piezometer Flow ITPH-Pumped 

Date 45693 46293 (gallons per day) Flow 

Uncons. Mat. Uncons. Mat. Calculated 

(gallons per day) (feet) (feet) 

511 3/93 0.44 

5/26/93 0.21 

711 4/93 -1 -24 

loll 1 193 5.95 

1 1 /1 193 6.0 

7.55 3,695 gallons 5,200 gallons 

3,142 gallons 5,300 gallons 6.45 

3.54 1,801 gallons 3,000 gallons 

0.20 1,440 gallons 3,700 gallons 

2,255 gallons 7,300 gallons 9 -40 

!TPH = Interceptor Trench Pump House e 
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An approximate water balance around SEP 207B-North, based on West Spray Field 
pumping records from 1982 through 1985, indicated a total annual collection of 
3,043,000 gallons of water by the ITS (ASI, 1991 1. 

An approximate water balance around SEPs 207B-North, Center, and South, based on 
depth readings and transfer records from the SEPs from 1988 through 1990, indicated 
a total annual collection of 3,949,000 gallons of water by the ITS (ASI, 1991 1. 

Two discrete measurements of inflows to the ITS wet well were made in 1988 and 
1 990. These two measurements were 4.45 gpm (approximately 2,338,900 gallons 
per year) and 4.90 gpm (approximately 2,575,400 gallons per year), respectively (ASI, 
1991 1. 

The AS1 study determined that an average of 3,100,000 gallons per year (5.9 gpml is expected 
to be collected by the ITS (ASI, 1991). A summary of flow estimates reported in the AS1 study for 
discrete portions of the ITS is presented in Table A-9. 

Since April 1993, inflow collected by the ITS has been transferred to the TMSTs. The ITS flow 
estimates can now be supported by field data because of the addition of a flow meter on the ITS force 
main in April 1993. Data from this flow meter have been recorded since May 1993. These data 
represent total quantities of water transferred to the TMSTs. These overall measurements of the 
amounts of data collected by the ITS can be supplemented with data regarding flows for discrete 
portions of the ITS. EG&G personnel currently record daily ITS flows in a log maintained at the ITS. 

Accurate flow data from the ITS are generally available from May 1 1, 1993 through January 
12, 1994; however, the meter was inoperative from June 5, 1993 until July 12, 1993. Data are also 
unavailable from August 3, 1993 through September 13, 1993. Thus, some considerable data gaps 
exist with regard to the total gallons pumped by the system. These data have been recorded as part 
of the TMST operational activities. Precipitation data are also available for this period, but only through 
the end of December 1993. The last few weeks of pumping data have no related precipitation data 
available for correlation. 

These flow data indicate that the ITS experiences large fluctuations in the quantities of water 
collected on any single day. Figure A-7 is a plot of the volumes of water pumped by the TMST system 
as compared with daily precipitation volumes. The conclusions that can be drawn from comparison 
of the volumes of water pumped from the ITS to precipitation events are generally predictable given 
the design of the ITS. These conclusions include: 

The ITS collected 900,100 gallons of water over a 167-day period for which daily flow 
data are available. Therefore, the average daily collection is 5,390 gallons per day or 
approximately 3.7 gpm. This average daily flow would account for the collection of 
approximately 1,969,000 gallons per year of ITS water. This annual volume is less 
than that predicted in the 1991 AS1 study, which stated that the ITS should collect 
3,100,000 gallons of water in a typical year (5.9 gpm). This difference in the actual 
volume collected compared with the predicted volume is partly explained by the current 
ITS data record not including some of the wet spring months when significant 
quantities of flow were probably collected by the ITS. Similarly, for the period May 
through December 1993, the amount of precipitation that fell at RFETS was 72 percent 
of normal. Thus, the ITS would be expected to collect less water during 1993 than in 
a more typical year. Another factor that accounts for the smaller quantities of water 
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TABLE A-9 
SUMMARY OF ITPH"' SYSTEM FLOW ESTIMATES 

FOR DISCRETE PORTIONS OF ITPH SYSTEM 

Portion of System Estimated Flow (gpmIb' Percentage of Total ITPH Flow 

All 

West Collector 

E. Extension Inflow 

W. Extension Inflow 

E. ITPH Inflow 

W. ITPH Inflow 

5.9 

1.3 

2.0 

1 m3c' 

1.6 

3.6 

100 

22 

34 

22 

27 

61 

a/ ITPH = interceptor Trench Pump House. 

b/ gpm = gallons per minute. 

c/ This is an assumed flow. Only two measurements of flow have been made at this location. 
These measurements were an order of magnitude different, and therefore, the flow reported 
for this location is simply the flow recorded at the West Collector. This number should 
represent a minimum flow at the point of measurement. 

a 
NOTE: The eastern and western inflows to the ITPH only account for only 88% of the total flow. One 

of the reasons for the slight discrepancy between the total annual flow and the summation of 
individual flows is that total flow is based on several data sources covering several years of 
data. The flow measurements on portions of the system are based on a limited data record 
with several measurements being made during dry periods. It is assumed that the slight 
discrepancy is due to the different data bases used. 

Source: ASI, 1991, "Solar Pond Interceptor Trench System Ground Water Management Study," 
Task 7 of the Zero-Offsite Water Discharge Study, Final, Prepared for EG&G Rocky 
Flats, Inc. Facilities Engineering, January 8, Table A-9 Summary of Interceptor Trench 
System Pump House System 
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collected by the ITS than predicted is the fact that the West Collector no longer 
contributes flows to the ITS. It was estimated that the West Collector accounted for 
22 percent of the ITS flow in the AS1 study (ASI, 1991). 

The maximum volume of water collected on any one day during the period of record 
is 18,100 gallons on May 18, 1993, or approximately 13 gpm. This volume of water 
was collected following a 0.44-inch storm event. The majority of the 18,100-gallon 
flow is assumed to be storm water collected by the ITS. 

The volume of water typically collected by the ITS in a single day varies from 2,000 
to 5,000 gallons (1.4 gpm to 4.9 gpm). 

The ITS pumping rate increased immediately in response to the 0.44-inch precipitation 
event of May 17, 1993. This response is attributed to the callection of storm water 
by the Southern Extension of the ITS. 

During the May through December 1993 period, only eight precipitation events (May 
17, June 17, June 18, September 7, September 13, October 17, October 28, and 
November 14) exceeded 0.25 inches of precipitation. Three of these eight storm 
events occurred when no data from the flow meter are available for correlation (June 
17, June 98, and September 7). The first two of these three undocumented periods 
were due to a mechanical malfunction of the meter, while for September 7, no data 
from the flow meter are currently available, The volume of ITS water pumped on the 
day of and immediately following the other precipitation events (on May 17, September 
13, October 17, October 28, and November 14) indicate that a considerable amount 
of storm water was collected by the ITS. 

Although data are limited, it appears that storm events of less than 0.25 inches result 
in little or no storm water collection by the ITS. Large surges in the ITS flow are not 
noted following isolated storms of less than 0.25 inches. Large increases in flow are 
noted when smaller storm events follow larger storm events, but these flow increases 
are thought to be mainly due to the larger storm event. 

The ITS sometimes has a delayed response to precipitation events. This response, 
indicated by an increase in the pumped flows, is attributed to the collection of 
increased quantities of ground water by the ITS. An increase in the quantities of 
ground water available for collection is expected following storm events due to 
infiltration of precipitation and recharge of the ground water table. 

Section 3.4 of this report presents a brief comparison of the quantities of ground water that 
should be collected by the ITS to actual ITS pumped volumes. In all cases, the ITS pumped more 
water than required to account for the maximized estimates of ground water flow. 

A.4.6 Water Chemistry 

Characterization of the ITS water chemistry is based on analyses of surface water and ground 
water samples from discrete portions of the ITS drain system (ASI, 1991 1 and hydrologic and water- 
quality studies of the SEP area. Water quality analyses indicate the presence of nitrate, radionuclides, 
and VOCs in both surface water and ground water. 
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The quality of water flowing into the ITS is expected to vary significantly by collector area. 
The general SEP area and nearby ground water and seepage flows typically contain elevated 
Concentrations of nitrates and radionuclides. For instance, VOCs predominated in flows from the West 
Collector area, and this area may have contributed up to one-half of the total VOCs present in the ITS 
(ASI, 1991 1. As discussed in Section 2.1 of this report, the flows from the West Collector area are 
not being effectively captured by the ITS at the current time. Based on this information, it is predicted 
that the recent data for VOCs in water collected by the ITS will exhibit considerably reduced VOC 
concentrations when compared to data generated prior to 1992. Similarly, the surface runoff from the 
Building 779 area is presumed to be relatively clean. This runoff significantly increases the total 
volume of flow to the ITS, and thereby impacts the overall quality of the ITS outflow to the TMSTS 
(EG&G, 1993a). Should the Building 779 area runoff be segregated from the ITS, then the 
concentrations of contaminants noted in the ITS water may increase due to significantly decreased 
dilution. 

e 

In general, contaminated ground water plumes in the unconsolidated materials downgradient 
of the SEPs appear to be effectively collected by the ITS. The exception to this general statement is 
the area northeast of the 207B Series SEPs. In this area, a nitrate-contaminated ground water plume 
is believed to exist (EG&G, 1993b), and appears to be migrating past the ITS. In this location, the ITS 
is generally constructed above the top of bedrock elevation. Therefore, in this area the ITS cannot 
collect all of the ground water flows, and is recommended for upgrading. 

A.5 SUMMARY OF ITS EFFECTIVENESS 

Data currently available indicate that where the ITS is keyed into bedrock, it is effective in 
collecting ground water flows. The ITS was built to intercept approximately 1,760 feet of ground 
water flow in unconsolidated materials perpendicular to the ground water flow path, but is apparently 
capable of desaturating 1,400 feet. The farthest east 228 feet of the ITS are not keyed into bedrock 
and therefore cannot completely desaturate the unconsolidated materials. Thus, the ITS can only be 
effective in desaturating the unconsolidated materials over approximately 80 percent of its design area. 
Although the evaluation conducted is adequate to determine whether or not major portions of the ITS 
are not functioning, the field data used to evaluate the ITS was not of sufficient detail to ensure that 
all areas of the ITS are without problems (such as crushed or plugged pipes). Further observations 
regarding the ITS are identified within this section. 

The limiting hydraulic component of the ITS is the 4-inch-diameter PVC pipe connecting 
the ITS Southern Extension to Pipe 12 of the original ITS. This pipe will convey 
approximately 67 gpm of water when flowing full and when water at its inlet is backed 
up to the inverts of the incoming pipes on the Southern Extension manhole. 

Field observations of the West Collector from the fall of 1992 to the present have 
identified no flow through the West Collector into the western pipe of the ITS Southern 
Extension. There no longer appears to be a hydraulic connection between the West 
Collector and the Building 774 pond. Earlier studies had estimated that the West 
Collector accounted for approximately 22 percent of the total flows collected by the 
ITS (ASI, 1991 1. 

The ITS appears to desaturate the unconsolidated materials where it is keyed into 
bedrock. Piezometers completed in the Unconsolidated materials immediately 
upgradient and downgradient of the ITS (piezometer strings PZO1 and PZ04) have 
generated data consistent with this statement. Other reports have documented the 
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extent of these desaturated unconsolidated materials (see Figures 4-34 and 4-35 in the 
"Final Ground Water Assessment Plan" [EG&G, 1993bl3. 

The Southern Extension of the ITS will collect storm water flows in addition to ground 
water flows. Storm water concepts and modeling predict that precipitation events 
exceeding the 0.25 inchD-hour storm event will generate storm water runoff which 
will be collected by the ITS Southern Extension. 

Storm water concepts and modeling predict that storm water collected by the ITS from 
the Building 779 area alone can account for approximately 36 percent (approximately 
700,000 gallons) of total average annual ITS flows. 

The flow record from the ITS is not sufficient at  this time to verify at what point storm 
water collection by the ITS becomes significant. A 0.44-inch storm event on May 17, 
1993, for example, produced considerable storm water collected by the ITS both on 
the day of the storm event and the following day. The data indicate that storm water 
collected on those two days was on the order of 14,000 gallons the first day and 
1 1,900 gallons the second day, assuming a base flow of approximately 6,200 gallons 
per day in that period. 

When significant quantities of storm water are collected, the ability of the ITS to 
convey those flows to the ITS pump house may be insufficient for the total flows 
collected in the ITS Southern Extension. In such an instance, water may back up into 
the ITS Southern Extension pipes and may exfiltrate into the surrounding soils and 
bypass the ITS Southern Extension collection pipe. 

The design of the ITS is such that additional pipes downgradient of the Southern 
Extension are capable of re-capturing and conveying ground water flows that have 
bypassed the ITS Southern Extension collection pipes. 

Although the daily flow record from the ITS pump house is limited, the average daily 
flow from a period of 167 days extended over a one-year period indicates that the ITS 
should collect approximately 1,969,000 gallons in that year. Precipitation records over 
the period in which this flow data were generated indicate that the amount of 
precipitation recorded was 72 percent of normal. 

Expected flows within the ITS have been calculated based on complete capture of all 
ground water in areas where the ITS is keyed into bedrock. These expected flows 
were maximized by using maximized thicknesses of saturated unconsolidated materials. 
These calculations were made during periods in which a precipitation event had not 
occurred for some time, thus ensuring that the ITS was not collecting storm water 
runoff. The calculated flows for the ITS are less than the actual flows recorded in the 
ITS during these periods. This indicates that the ITS is collecting other flows (such as 
from the North Walnut Creek area) that have not been accounted for in this evaluation. 

In general, in areas in which contaminated ground water plumes occur in the 
unconsolidated materials downgradient of the SEPs, the contaminated ground water 
is effectively collected by the ITS. 

Notably, the area northeast of the 207B Series SEPs appears to have a nitrate- 
contaminated ground water plume in the unconsolidated materials that is not collected 
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by the ITS (EG&G, 1993b). In this area, the ITS is generally constructed above the top 
of bedrock elevation. Therefore, it cannot collect all of the ground water in the 
unconsolidated materials. This area of the ITS may require upgrading. 

Similarly, the existence of a paleochannel trending to  the northeast away from the 
SEPs is indicated by data from piezometer string PZ03. Piezometer 44893 appears 
to  have been installed in this paleochannel. Available data indicate that the bottom of 
this paleochannel passes beneath the ITS system collection pipes in the area of 
piezometer string PZ03. The ground water present in piezometer 44893 is indicative 
of the ineffectiveness of the ITS system in collecting ground water in this 
paleochannel. Additional characterization of this paleochannel is recommended in the 
Phase I 1  Field Sampling Plan (5.0 o f  this report). 
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BUILDING 774 POND (BOWMAN'S POND) NARRATIVE 

Brief History of Building 774 Pond and Its Relationship to the Solar Evaporation Ponds B.l. 
e 

The Building 774 Pond at the Rocky Flats Environmental Technology Site (RFETS) is located 
north of Building 774, east of Building 770, and west of the two condensate holding tanks. The pond 
is also referred to as Bowman's Pond, the Building 774 Pond, the Building 774 footing drain collection 
area, and the Building 771/774 footing drain collection area. For this discussion, this pond will be 
referred to as the Building 774 Pond (or, the pond). The pond is approximately 15 feet by 20 feet in 
size. Immediately west of the Building 774 Pond is a small, inactive pump station previously referred 
to as the West Collector for the Interceptor Trench System (ITS). 

The Building 774 Pond was originally constructed in the early 1970s to allow for the detention 
and separate management of contaminated flows identified in this area. The exact date of 
construction is not known, but was sometime between March 1971 and May 1974. In March 1971, 
the Building 774 footing drains were identified as a potential problem area due to elevated radiological 
activity measurements associated with the footing drain water. Activity measurements in the region 
of 500 disintegrations per minute per liter (dpm/L) were reported. At that time, the area in which the 
footing drains surfaced had been buried under three feet of soil (Lee, 1971 1. In May 1974, the Building 
774 Pond was to be enlarged to a size sufficient for containment of the normal flow for a minimum 
of three days (Owen, 1974). Water collected in the pond was to be handled in one of two ways. If 
the tritium concentration of the water was less than 50,000 picocuries per liter (pCi/LI, the water was 
to be sprinkled on the area north and west of the RFETS landfill. If the tritium concentration of the 
water exceeded 50,000 pCi/L, the water was to be transferred to Solar Evaporation Pond 207B-South 
(Owen, 1974). The management of this water changed in March 1975, when changes were made to 
North and South Walnut Creeks that allowed for the isolation of drainage Ponds 8-2 and A-2 from 
normal stream flows, so that these ponds operated in a zero-discharge manner for treated process 
waste discharges. The water was now to be trucked to Drainage Pond 6-2 for impoundment 
(Thompson, 1975). 

A submersible pump was later installed in a pump station adjacent to the pond to better control 
contaminated water by pumping it to SEP 207C. Although final as-built drawings were not located 
for this control structure, Rockwell International Drawings 291 47-1 and 291 47-2 (Rockwell, 1975) 
describe a similar pumping system that was designed in 1975. The existing system is similar to the 
designed system, but a number of differences exist (ASI, 1991). This pump station operated until 
approximately 1981 when it was connected to the ITS as a portion of the Protected Area (PA) 
improvements (Maas, 1990). This connection, which was made at the far western end of the 
Southern Extension, allowed the Building 774 Pond pump station to drain by gravity into the ITS. 
Water that collected in the ITS drained by gravity to the pump house near North Walnut Creek. The 
ITS pump house routed the collected water to SEP 207B-North. 

Until the fall of 1992, water from the Building 774 Pond contributed a portion of the western 
flow to the ITS, which pumped water back to SEP 2076 North (ASI, 1991 1. No accurate long-term 
flow records are available because no flow meter was ever installed on the ITS or the West Collector. 
Occasional observation of the unit from 1988 to 1990 indicated that the system was fairly stable 
without large fluctuations in flow. On September 7 and 17, 1990, flow from the pond to the ITS was 
estimated to average 1.3 gallons per minute (gpm). At that time, the pond/West Collector may have 
accounted for as much as 683,000 gallons per year, or 20 percent, of the total flow pumped back to 
the SEPs (ASI, 1991 1. In the fall of 1992, visual inspection of the system indicated that the flows 
from the Building 774 Pond were no longer being drained by the ITS or the West Collector. By late 
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spring of 1993, the pond was overtopping its berm; however, the exact reason for the hydraulic 
isolation of the Building 774 Pond from the West Collector is not known. 

B.2 Sources of Flows into the Building 774 Pond 

Based on a review of engineering drawings, site walkdowns, interviews with long-time RFETS 
personnel, and review of other written documents, the Building 774 Pond appears to collect water 
associated with footing drain flows from Building 774, possibly Building 771 footing drain flows, and 
stormwater. Some of the Building 771 footing drains are believed to have been re-routed during PA 
construction activities to drain into the Building 774 Pond (according to interviewees), but engineering 
drawings have not been found to support this belief. The Building 771 and 774 footing drain systems 
are discussed in more detail below because they are likely pathways of contaminant transport to the 
Building 774 Pond. 

B.2.1 Building 774 Footing Drains 

With regard to flows from the Building 774 footing drains, five outfalls were identified in "A 
Description of Rocky Flats Foundation Drains" (EG&G, 1992) in the general area of the Building 774 
Pond. Three footing drains are known to be associated with these five outfalls. The original drain 
system for the building consists of a foundation drain identified on Drawing 25581 -6, but not shown 
on 1980 or 1990 Site Utility Drawings (EG&G, 1992). Three foundation drains are clearly shown on 
the 1990 Site Utility Drawing 15501 -1 3 (DOE, 1990) and were likely installed as part of the post-1975 
additions to Building 774 (EG&G, 1992). For consistency, these outfalls will be discussed in order 
from west to east according to outfall numbers designated in the EG&G report. All of these outfalls 
are believed to flow in the direction of the ITS (EG&G, 1992); however, onlv outfalls 1 through 3 could 
flow into the Building 774 Pond area west of the condensate tanks. 

Outfall 1 is actually a storm sewer outfall from a metal culvert located immediately east of 
Building 770 (Hoffman, 1983; Moody, 1977). The culvert is not shown on the 1990 engineering 
drawings. This outfall may have been confused with footing drain 774-1 (Outfall 21, during all or some 
of sampling activities prior to 1993 (EG&G, 1992). Flow estimates made on April 15, 1993, during 
a period of high ground water levels, indicated that 1 to 2 gpm were draining from this outfall. It is 
unknown whether the source of the water is from a footing drain, general ground water seepage, or 
a leaking water line (EG&G, 1993a). The flow from this outfall enters the Building 774 Pond. 

Outfall 2, located east of Building 770, is believed to represent the outfall for the foundation 
drain identified on Engineering Drawing 25581 -6. This outfall emerges from an 18" corrugated metal 
pipe that carries flows from an 8" footing drain on the southern side of Building 774 and from two 
catch basins north of the Building 771/774 tunnel, based on Drawing 15501-12 (DOE, 1990). 
However, the possibility exists that flow from the 4" foundation drain located on the northern side of 
Building 774 also flows through this 18" corrugated metal pipe (cmp) (DOE 1990; EG&G 1993a). This 
outfall is denoted as FD-774-1 and is designated as a footing drain sampling location (Hoffman, 1983; 
EG&G, 1992). On April 15, 1993, flows from this drain during a period of high ground water levels 
were 0.5 to 1 gpm (EG&G, 1993a). This location is currently designated by the EG&G Surface Water 
Division (SWD) as SW084 (EG&G, 1992) and is routinely sampled by SWD. The flow from this outfall 
enters the Building 774 Pond. 

Outfall 3 is believed to be the outfall for the 4" footing drain north of Building 774 and 
southwest of the condensate tanks (DOE, 1990; EG&G, 1992). Based on discussions with building 
personnel, this drain was unintentionally cut and blocked during expansion of a Building 774 loading 
dock in 1987 and 1988 (EG&G, 1992). Shortly thereafter, the basement of Building 774 exhibited 
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seepage of water through the floors and walls. In response, a small sump was constructed in the floor 
of the building to allow for sampling and management of the seepage, which is now pumped to the 
process waste tanks (EG&G, 1992). Interviews with RFETS personnel revealed that this water had 
elevated gross alpha activity. No flows from the outfall were observed during recent inspections. It 
is unknown whether or not this drain is completely blocked (EG&G, 1992). Any flows from this outfall 
would enter the Building 774 Pond. 

Two other outfalls discharge to the east of the condensate tanks. The flow from these outfalls 
would not enter the Building 774 Pond, but could impact the general area of the Building 774 Pond. 
Outfall 4, which is not depicted on engineering drawings, emerges from a polyvinyl chloride (PVC) pipe 
near the southeastern corner of the condensate tanks. It is unknown whether this storm drain is tied 
into a foundation drain or serves another purpose (EG&G, 1992). Outfall 5 is connected to the 
eastern-most footing drain, which collects water along the southeastern side of the building. Its flows 
are transported by a 6" cmp to Outfall 5, north of trailer T771G (DOE, 1990; EG&G, 1992). This 
outfall was dry during 1992 inspections (EG&G, 1992). Engineering Drawing 38544-101 (Rockwell, 
1989) indicates that a footing drain manhole exists to the east of Building 774, apparently buried at 
a depth of approximately 10 feet. In addition, Engineering Drawing 38544-1 01 indicates the existence 
of a footing drain clean-out just east of Tank 68. An 8" foundation drain is located on the southern 
end of Building 774, but no outfall has been located for this drain; it may tie into one of the other 
foundation drains or pipes in this area (DOE, 1990; EG&G, 1992). Any flows from this latter outfall, 
if they exist, would not enter the Building 774 Pond. 

Based on a review of engineering drawings, site-walkdowns, and interviews, it is generally 
believed that most of the Building 774 footing drains currently drain into the Building 774 Pond area; 
however, it is unclear which of the pipes draining into the pond are associated with Building 774 
footing drain flows. There have been a number of construction projects in the Building 774 area and 
it is likely that these projects encountered footing drains which were then rerouted or blocked. It is 
believed that the original footing drains are currently located underneath concrete or building structures 
and that no known footing drains were added during construction activities. The remaining drains are 
probably still in place but are not serving their original purpose. 

B.2.2 Building 771 Footing Drains 

The footing drains from Building 771 originally flowed to the north and west of Building 771 
and surfaced in drainage structures that eventually flowed into North Walnut Creek. Originally there 
were three footing drains associated with Building 771. Two of these three footing drains flowed into 
a manhole just west of Building 728, and then proceeded to surface further to the northwest Of the 
manhole. Engineering projects in the Building 771 area have modified the area such that stormwater 
and North Walnut Creek drainage flows to the northwest of Building 771 are now contained within a 
series of buried culverts. It is believed that the footing drains that flowed to the northwest from the 
manhole west of Building 728 have been rerouted so that the flows do not enter the drainage culverts 
in this area. Engineering Drawing 27550-50 indicates that the drain leading to the northwest from the 
manhole located west of Building 728 has been plugged. An alternate drainage path for the footing 
drains was not identified on that engineering drawing or on any other engineering drawing identified 
to date. The exact locations of the discharges of these Building 771 footing drains are unknown at 
this time. A letter dated February 1971 contained the first known reference to plugging of the pipe 
that is believed to have carried Building 771 footing drain flows. Although the suggestion had been 
made to cap the line, the line was not capped a t  that time because flows from the pipe were not 
contaminated (Bowman, 1971 1. 
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It has been stated by interviewees that the Building 771 footing drains were rerouted to flow 
to the north and east of Building 771, and possibly to the Building 774 Pond. Again, no engineering 
drawings supporting this drainage route have been identified. Two pipes concurrently route water 
flows into the Building 774 Pond that are not identified on engineering or utility drawings. These pipes 
could convey Building 771 footing drain flows into this pond. Alternatively, footing drain flows could 
have been routed into either of the two other known pipes that drain into the Building 774 Pond. 
Although not conclusive, written records indicate that Building 771 and Building 774 footing drains 
became related in the early 1970s. There is no direct relation between the original discharge points 
of the Building 771 and 774 footing drains (the discharge points were approximately 500 feet apart). 
However, if some or all of the Building 771 footing drains were routed to approximately the same 
discharge location as the Building 774 footing drains, then a relation between these two sets of footing 
drains would be established. 

e 

The apparent relationship of Building 771 and Building 774 footing drains is evidenced in the 
following quotes: 

- "C.M. Love described sampling results on footing drain water collected in the vicinity of 
Buildings 771-774. The concentration of tritium in drains near Building 771 on December 
11, 1973 was 95,000 pCi/L. On the same date, the comparable result for the drain water 
near Building 774 was 3,000 pCi/L" (Werkema, 1974). 

0 " 160,000 gallons (70,000 gallons from the landfill and 90,000 gallons from the 771 -774 
Building footing drain) of 3H-contaminated water were sprinkled north of the landfill. The 
weighted average concentration was 2.6 x 1 O4 pCi/L" (Thompson, 1974). 

In addition to the above statements, a May 1974 letter to the Atomic Energy Commission 
discusses water from the Building 771 and 774 footing drains as draining into the pond north Of 
Building 774. This letter also indicates that the pond would be enlarged to contain the normal flow 
for a minimum of three days, and contains a disposition plan for that water. If the water contained 
less than 50,000 pCi/L of tritium, the water was to be sprinkled in the area to the north and west of 
the landfill. If the water contained more than 50,000 pCi/L of tritium, the water was to be transferred 
to SEP 207B-South (Owen, 1974). This letter indicates that a piping change must have been made 
by May 1974 that allowed for at least some of the Building 771 footing drain flows to enter the 
Building 774 Pond. This change is indicated by the manner in which the letter addresses the Building 
771 and the Building 774 footing drains together and by the manner in which the letter indicates that 
the footing drains from both buildings flowed to the same pond. In contrast, a considerable amount 
of written documentation from 1971 discusses the Building 774 and Building 771 footing drains as 
separate and distinct issues. Therefore, an inference could be made that the drains were separate in 
1971 and no longer separate (i.e., were plumbed together), in or before 1974. 

B.3 Monitoring Data 

Water samples taken over a 15-year period demonstrate that the Building 774 Pond has 
experienced elevated levels of radionuclides, nitrate, aluminum, and other water quality parameters. 
Selected sample results are discussed below and are presented in Table B-1. Data gaps exist for the 

years 1972 to 1973, 1975 to 1976, and 1982 to 1987. An analysis of recently generated data 
(1 993) has not been done on a station-by-station, analyte-specific basis. 

Current surface water monitoring stations located in the immediate vicinity of the Building 774 
Pond include Stations SW084, SW086, SW124, and SED1 24. Station SW084 samples water from 
flows into the pond and from water present in the pond. Station SW086 samples the surface water 
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@ entering the ITS through the West Collector, including water from the SW084 and SW124 area. 
Station SW124 is an additional surface water monitoring station which samples some of the flows 
entering the Building 774 Pond upstream of Station SW084, closer to where the flows surface from 
their pipes. 

In Task 7 of the Zero Discharge Study (ASI, 1 991 ), surface water sampling data from Stations 
SW084 and SW086, taken from 1988 to 1990, were analyzed. Results showed slightly basic water 
with elevated volatile organic compounds (VOCs) at Station SW084, including acetone at 1 10 
milligrams per liter (mg/L), maximum concentration and carbon tetrachloride in the water at 100 mg/L, 
maximum concentration. In addition, gross alpha activity ranged from 3 to 83 pCi/L . Surface Water 
samples from Station SW086 were dilute in comparison to those from Station SW084, with the 
exception of one possibly anomalous americium-241 value. 

When the AS1 report was prepared, a number of samples had been collected at surface water 
monitoring stations SW094 and SW095. These surface water monitoring stations represent water 
quality conditions at the wet-well of the ITS. At that time, available data from Stations SW094 and 
SW095 indicated the occasional presence of VOCs in the ITS water. Mass loading calculations made 
as a part of that report indicated that the majority of VOC contamination in the ITS water (53 percent) 
was from the water collected by the West Collector of the ITS, even though the West Collector only 
accounted for 22 percent of the overall flows recorded by the ITS (ASI, 1991). A former carbon 
tetrachloride tank that had been located in the area could have caused the VOC contamination in water 
samples from the Building 774 Pond area. It should be noted, though, that the quality assurance and 
quality control measures on samples collected prior to 1991 are seriously questioned, and that much 
of the pre-1991 data are considered unreliable. The West Collector is not currently contributing flow 
to the ITS. Assuming that older samples indicating VOC contamination in the Building 774 Pond area 
were accurate, the VOC contamination of the ITS system should be less than reported by ASI. The 
flows collected by the ITS should also be less than reported by AS1 since the 1991 report stated that 
the West Collector accounted for 22 percent of the total ITS flow. 0 

More recent results from 1 993 footing drain sampling activities showed elevated detections 
of aluminum, iron, and gross beta at FD 774-1 (Station SW084) (EG&G, 1993b). Sampling and 
evaluation of footing drains at the plant site are still underway. 

8.4 Potential Contaminant Sources 

A variety of potential contaminant sources could affect the area near the Building 774 Pond. 
The footing drains for Buildings 771 and 774 are important pathways for the transport of contaminants 
to the Building 774 Pond. A spill or release occurring at a considerable distance from the Building 774 
Pond could be conveyed to the pond if ground water contaminated by the spill or release is collected 
by the footing drains of either Building 771 or 774. Although locations of the exact discharge points 
for all of the Building 771 footing drains are still uncertain, the following text will address the issue as 
if the Building 771 footing drain were discharging to the Building 774 Pond. Potential contaminant 
sources of particular note to the Building 774 Pond are briefly discussed in the following paragraph. 

e Six underground process waste storage tanks south of Building 774, in use since the late 
1950s  were removed in 1972. The physical failure of these process waste storage tanks 
was a major contributor to soil contamination around Building 774 (Owen and Steward, 
1974). It is suspected that minor leakage from these tanks has seeped to the building 
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footing drain tiles, which subsequently drain to the Building 774 Pond area. A more 
complete discussion of these six process waste tanks and their associated releases can be 
found in the "Historical Release Report" as sites 700-1 46.1 through 700-1 46.2 (DOE, 1992). 

e Three concrete underground storage tanks used for Building 774 operations are still in 
existence on the eastern side of Building 774. These tanks have been used for the process 
waste treatment and storage operations in Building 774. A t  least one release from these 
tanks has been documented, and additional releases or related leakage could also be 
associated with these tanks. Residual contamination present in soils near these tanks could 
be impacting ground water, and this ground water could be conveyed in footing drains for 
discharge to the Building 774 Pond. Additional information on these three tanks can be 
found in the "Historical Release Report" as sites 700-1 24.1 through 700-1 24.3 (DOE, 1992). 

a An underground carbon tetrachloride tank (which has been removed) south of Building 771, 
is known to have released carbon tetrachloride to the environment in a number of different 
events. In particular, this tank is reported to have "failed" in 1981 (Hornbacher, 1981). 
Contamination from releases associated with this tank could be impacting ground water in 
the area near the former location of this tank. This ground water could, in turn, be serving 
as a source of contamination for the footing drains associated with Building 771 or possibly 
Building 774. A more complete discussion of the use and releases associated with this 
carbon tetrachloride tank can be found in the "Historical Release Report" as site 700-1 18.1 
(DOE, 1992). 

e Under-building contamination may be associated with Buildings 771 and 774, and could be 
impacting the ground water. Contaminated ground water could be conveyed by the footing 
drains to the Building 774 Pond where it is discharged to surface water. Evidence of some 
under-building contamination is found in the existing records. For example, in an incident in 
October 1975, water from beneath the floor of Room 102 of Building 774 was found to have 
1,400,000 dpm/L of activity (Johnson, 1975). Gross alpha activity is assumed, but is not 
confirmed. Furthermore, Building 774 has had an organic, oil, and solvent treatment system 
in operation since the mid-1960s. The storage and treatment of organics by this system 
could have resulted in leaks and spills that impacted soils under the building, which could be 
a cause of contamination at the footing drain outfalls. The characterization of under-building 
contamination will be included in future environmental activities at the RFETS. Additional 
information on the potential existence of under-building contamination can be found in the 
" Under-Building Contamination" section of the "Historical Release Report" (DOE, 1 992). 

0 On July 21, 1980, an eight-year-old process waste line was discovered to be leaking 
southeast of Building 774. Process wastewater was observed seeping up in the soil on the 
southern side of the road southeast of Building 774. The leaking process wastewater flowed 
downslope and through a 30-fOot culvert, along the eastern chain-link fence and under the 
fence at the corner. From this point, the liquid flowed under the unpaved access road into 
a boggy area north of Building 774. The vegetation in the boggy area was damaged where 
the spilled liquid formed a pool. It was estimated that approximately 1,000 gallons had 
leaked from the process waste line. An analysis of the spilled water indicated 2,500 pCi/L 
gross alpha activity; 4,000 pCi/L gross beta activity; 10,000 mg/L of nitrate, and a pH of 12. 
Residual contamination from this event could be present in soils of the area and could 
possibly still be impacting ground water. Contaminated ground water could in turn be 
conveyed in the Building 774 footing drains to the Building 774 Pond. A more complete 
discussion of the release described above can be found in the "Historical Release Report" as 
site 700-1 49 (DOE, 1992). 
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e Two steel 8,000-gallon aboveground condensate receiving tanks are located immediately 
southeast of the Building 771/774 footing drain outfall. The two tanks are located on a 
concrete slab and have badly corroded bottoms. Historically, the tanks held "clean" 
condensate from an evaporative waste concentration system once used in Building 774. The 
condensate was tested for radioactive contamination and then released into a swampy area 
below the tanks. The release from these tanks was not to the Building 774 Pond, but rather 
to the area immediately adjacent to the Building 774 Pond. The tanks have been out of 
service as condensate receiving tanks since approximately 1 980. The western condensate 
tank currently receives overflow and precipitation runoff from the bermed area surrounding 
the sodium hydroxide tank north of Building 774. On June 22, 1987 and again sometime 
in 1988, the sodium hydroxide tank north of Building 774 was overfilled. In the June 1987 
incident, approximately 1 00 gallons of liquid caustic soda overflowed and ultimately drained 
to the western condensate receiving tank. Residual contamination could be present in the 
area of the Building 774 Pond from both the operations of the tanks for condensate materials 
and from caustic materials associated with the sodium hydroxide tank. A more complete 
discussion of the sodium hydroxide tank north of Building 774 and its relationship to the 
condensate receiving tanks can be found in the "Historical Release Report" as site 700-1 39 
(DOE, 1992). 

0 The storm drains that discharge to the Building 774 Pond area may carry contaminants. In 
particular, the storm drains are suspected of being the migration route for polychlorinated 
biphenyls (PCBs) from transformer spills. In the summer of 1991, PCBs were identified in 
the vicinity of the pond. The source is believed to be Potential Area of Concern (PAC) 700- 
1 1 9 2 as defined in the "Historical Release Report" (DOE, 1992). Additional information on 
PCB sampling activities and related releases can be found in the "Historical Release Report" 
(DOE, 1992). 

In addition to the above releases, there are additional releases in the Building 771 and 774 area 
that could impact the footing drains that discharge to the Building 774 Pond. These releases are 
identified and discussed in the "700 Area" section of the "Historical Release Report" (DOE, 1992). 
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APPENDIX C 

PRELIMINARY CHEMICAL-SPECIFIC BENCHMARK TABLES 

The benchmark tables were created to assist RFETS project managers, technical staff, and 
regulatory oversight personnel in planning and preparing for documented remediation activities. The 
tables provide a guide when considering benchmarks (standards and criteria). Tables C-1 through C-5 
identify preliminary potential chemical-specific benchmarks for ground water, surface water, air, and 
soil. The tables were designed for application in accordance with the Interagency Agreement (IAG) 
(IAG, 1992). ARARs specific to OU4 will continue to be identified and further defined throughout the 
CERCLA process. 

The benchmark tables are current as of January 25, 1994, and reflect the existing final 
regulations on that date. It is recommended that, prior to using the tables as part of the ARAR 
identification process for OU4, they be verified to determine the current status of individual chemicals, 
as there are proposed changes to some of the standards and criteria which may become effective in 
the near future. The benchmark tables do not include proposed standards or criteria. 

A detailed discussion of EG&G's approach in using benchmarks can be found in "A Managed 
Approach to Developing Analytical Programs, Site Characterization, and Regulatory Benchmarks - 
Draft" (EG&G, 1993). 
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TABLE C-4 POTENTIAL CHEMICAL-SPECIFIC BENCHMARKS (JANUARY 25,1994) 
SOIL CONTAMINANT CRITERIA 

ALL VALUES ARE IN mg/kg UNLESS OTIIERWISE NOTED 

FEDERAL BENCHMARKS (a) 

Maximum allowed Concentration 

STATE BENCHMARKS (b) 

Maximum allowed Concentration 

Parameter CAS No. TvDe (11 Solids (PPM) Liquids (mr/Ll Solids (PPM) Liquids I m d L L  
I I I 

Boron E I 
Chlorine, Total Residual 7782-50-5 E 
Sulfur E 

Dissolved O v e n  10-88-8 FP 
pH (Standard Units) 10-29-7 FP 
Specific Conductance 10-34-4 FP 
Temperature (Degrees Celsius) FP 

Aldicarb Sulfoxide ( P I  1 1 I 
Aldrin 1 309-00-2 1 P 1 0.001351 1 1.2628-0s 1 

apm- W l  
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TABLE C-4 POTENTIAL CHEMICAL-SPECIFIC BENCIIMARKS (JANUARY 25,1994) 
SOIL CONTAMINANT CRITERIA 

ALL VALUES ARE IN mg/kg UNLESS OTIIERWISE NOTED 

(mmlSg(s0 r n l  
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TABLE C-4 POTENTIAL CHEMICAL-SPECIFIC BENCHMARKS (JANUARY 25,1994) 
SOIL CONTAMINANT CRITERIA 

ALL VALUES ARE IN mg/kg UNLESS OTHERWISE NOTED 

I I I I i 
PBDERAL BENCHMARKS [a) STATE BENCHMARKS (b) 

I 
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TABLE C-4 POTENTIAL CHEMICAL-SPECIFIC BENCHMARKS (JANUARY 25,1994) 
SOIL CONTAMINANT CRITERIA 

ALL VALUES ARE IN mg/kg UNLESS OTIIERWISE NOTED 

PEDERAL BENCHMARKS [a) STATE BENCHMARKS (b) 

I Maximum allowed Concentration Maximum allowed Concentration 
I I I 
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TABLE C-4 POTENTIAL CHEMICAL-SPECIFIC BENCHMARKS (JANUARY 25.1994) 
SOIL CONTAMINANT CRITERIA 

ALL VALUES ARE IN mg/kg UNLESS OTHERWISE NOTED 

I I I I 
F E D E R A L  BENCHMARKS [a) I S T A T E  BENCHMARKS (b) 

EXPLANATION OF T A B L E  AND ENDNOTES 

CDH = Colorado Department of Health 
EPA = Environmental Protection Agency 
p c i i  = picocuries per liter 
PCB = polychlorinated biphenyl 
RCRA = Resource Conservation Recovery Act 
RFETS = Rocky Flats Environmental Technology Site 
SDWA = Safe Drinking Water Act 
TIC = Tentatively Identified Compound 
mg/Kg = milligrams per kilogram 

(1) Type. abbreviations are: A=anion; Bzbacteria; Czcation; Dzdioxin; E=element; FP=field parameter; H=herbiade; IN=inorganic; M=metal; PEpesticide; 
PP = pesticidePCB; R =radionuclide; SV=semi-volatile; V=volatile 

(a) EPA Guidance 9347.3-09FS. A Guide to Delisting of RCRA Wastes for Superfund Remedial Responses: Based on Health-based 10-6 risk, developed for 

(b) Value derived from Colorado Radiation Control Rules and Regulations, 1985 as amended 1990. 
delisting hazardous wastes and waste residuals. 
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TABLE C-5 POTENTIAL CHEMICAL-SPECIFIC BE1 
A I R  QUALITY STANDARI 

ALL VALUES ARE IN ug/d UNLESS OT€ 

Parameter CAS No. Tyoe (1) C 

Lead M 
Beryllium M 
Ozone 

Americium 7440 -35 -9 
Americium 241 14596- 10-2 
Cesium 134 13967-70- 9 
Cesium 137 10045 -97-3 
Gross Alpha 10 - 79 - 7 R 
Gross Beta 10-81-1 R 
Plutonium 7440 -07- 5 R 
Plutonium 238+239 +240 R 
Radium 226+228 R 
Strontium 89+90 11-10-9 R 
Strontium 90 R 

Plutonium 238+239 +240 R 
Radium 226+228 R 
Strontium 89+90 11-10-9 R 
Strontium 90 R 
Thorium 230+232 
Tritium 10028- 17-8 
Uranium 233+234 
Uranium 235 15 1 17 - 96 - 1 
Uranium 238 7440- 61 - 1 
Uranium (Total) I 7440-61-1 I R 

EXPLANATION OF TABLE AND ENDNOTES 

CCR = Code of Colorado Regulations 
CDH = Colorado Department of Health 
CFR = Code of Federal Regulations 
RFETS = Rocky Flats Environmental Technology Site 
ug/nt? = micrograms per cubic meter 

(1) Type abbreviations are: IN=inorganic; M=metal; R=radionucli 
(2) 10 mremiyr to the general public 
(3) Where the standard is below (more stringent than) the PQL, the 

(a) National Ambient Air Quality Standard (Calender Quarter) prl 
(b) National Ambient Air Quality Standard, (1 hour) primary and s( 
(c) National Emission Standard Hazardous Air Pollutants 40 CFR 
(d) Requirements of State Implementation Plan (SIP) under Sectio 

as implemented by State SIP of October 5,1979, as amended an1 

is interpreted to be compliance level 

C-3 2 

ZHMARKS (January 25,1994) 
S 
ZRWISE NOTED 

es 

iractical quantitation limit (PQL) 

iry and secondary 
ondary 
Subpart H 
110 of the Clean Air Act as 
5 CCR 1001-3. 
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TABLE D-1 

Suggested 
Analytical 

Method 

40 CFR PART 264 APPENDIX IX 
GROUND WATER MONITORING LIST 

PQLs' 
(ug/l) 

Chemical Name 

Acenaphthene 

Acenaphthylene 

Acetone 

Acetophenone 

CAS No. 

83-32-9 81 00 200 

208-96-8 8270 10 

67-64- 1 8240 100 

98-86-2 8270 10 
~ ~ ~~ 

Acetonitrile (Methyl cyanide) 

2-Acetylaminofluorene; 2-AAF 

Acrolein 

Acrylonitrile 

Aldrin 

Allyl chloride 

4-Aminobiphenyl 

Aniline 

Anthracene 

Antimony 

Aramite 

75-05-8 801 5 100 

53-96-3 8270 10 

107-02-8 8240 5 

107-1 3-1 8240 5 

309-00-2 8080 0.05 

107-05-1 801 0 5 

92-67-1 8270 10 

62-53-3 8270 10 

120-1 2-7 8270 10 

(total) 601 0 300 

140-57-8 8270 10 

~- ~ -~ - 

Benzo(ghi1Perylene 1 9 1 -24-2 8270 10 

8270 10 Benzo(a1Pyrene 50-32-8 

Benzyl alcohol 1 00-5 1 -6 8270 20 

Beryllium (totalIb' 601 0 3 
~ 

~ ~~ 

Arsenic 

Barium 

Benzene 

Benzo(a1Anthracene 

Benzo(b1Fluoranthene 

Benzo(k)Fluoranthene 

~ 

(total) 

(total) 

71 -43-2 

5 6-5 5-3 

205 -9 9-2 

207-08-9 

6010 I 500 

8270 
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TABLE D-1 (Continued) 

Suggested 
Chemical Name CAS No. Analytical 

Method 

Alpha - BHC 3 1 9-84-6 8080 

Beta - BHC 3 1 9-85-7 8080 

Delta - BHC 31 9-86-8 8080 

Gamma - BHC (Lindane) 58-89-9 8080 

Bis(2-chloroethoxy)methane 11 1-91-1 8270 

Bis(2-chloroethyllether 1 1 1-44-4 8270 

Bis(2-chloro-1 -methylethyllether 1 08-60- 1 8270 

40 CFR PART 264 APPENDIX IX 
GROUND WATER MONITORING LIST 

POLS'' 
(ug/l) 

0.05 

0.05 

0.1 

0.05 

10 

10 

10 
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TABLE D-1 (Continued) 

40 CFR PART 264 APPENDIX IX 
GROUND WATER MONITORING LIST 

Suggested 
Analytical 

Method 
CAS No. Chemical Name 

5 126-99-8 

21 8-01 -9 8270 

70 

10 Chrvsene 

70  Cobalt 

Copper 

(total) 

70 

10 m-Cresol (3-methyl phenol) 

o-Cresol (2-methyl phenol) 

D-Cresol (4-methvl Dhenol) 

108-39-4 

95-48-7 

106-44-5 

10 

10 

10 2,4-D 94-75-7 81 50 

72-54-8 8080 

72-55-9 8080 

50-29-3 8080 

2303-1 6-4 8270 

4,4'-DDD 0.1 

0.05 4,4'-DDE 

0.1 4,4'-DDT 

10 Diallate 

-53-70-3 I 8270 Dibenz(a, h1Anthracene 

Dibenzofuran 

Di bromochloromethane 

10 

10  

5 
- 

96-12-8 I 8240 5 1,2-Dibromo-3-chloropropane 

1,2-Dibromoethane 

Di-n-butyl phthalate 

5 106-93-4 

84-74-2 

95-50-1 

10 
~ ~~~ 

o-Dichlorobenzene ( 1,2-DichIorobenzene) 2 

541-73-1 I 8010 5 1 m-Dichlorobenzene (1,3-Dichlorobenzene) 

p-Dichlorobenzne (1,4-Dichlorobenzene) 

3.3'-Dichlorobenzidine 

2 106-46-7 801 0 

91 -94-1 8270 20 

5 trans- 1,4-Dichloro-2-butene 

Dichlorodifluoromethane 

1 10-57-6 

75-71 -8 10 

D-3 
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Suggested 
Analytical 
Method 

PQLsa' 
(ug/l) 

* 
8240 

8270 

8270 

8270 

10 

10 

10 

8270 10 

TABLE D-I (Continued) 

40 CFR PART 264 APPENDIX IX 
GROUND WATER MONITORING LIST 

CAS No. Chemical Name 

75-34-3 8240 I 5 1,l -Dichloroethane 

1.2-Dichloroethane 
~~ 

8240 I 5 107-06-2 

75-35-4 1,l -Dichloroethylene 

trans- 1,2-Dichloroethylene 156-60-5 
~ ~~~ 

2,4-Dichlorophenol 

2,6-Dichlorophenol 

1,2-Dichloropropane 

cis-l,3-Dichloropropene 

trans-l,3-Dichloropropene 

Dieldrin 

~ 

120-83-2 

87-65-0 

78-87-5 

10061 -01 -5 

10061 -02-6 

60-57-1 

84-66-2 Diethyl phthalate 

0,O-Diethyl 0-2-pyrazinyl phosphorothioate 
(Thionazin) 

Dimethoate 

297-97-2 

60-5 1 -5 

D-(Dimethv1amino)azobenzene 60-1 1-7 8270 I 10 

57-97-6 7,12-Dimethylbenz(a)anthracene 

3,3'-Dimethylbenzidine 

alpha, alpha-Dimethylphenethylamine 

1 19-93-7 

122-09-8 8270 I 10 

105-67-9 * 
8270 

2,4-Dimethylphenol 

Dimethyl phthalate 131-1 1-3 

99-65-0 m-Dinitrobenzene 

534-52-1 * 
8270 

51 -28-5 

121-14-2 

606-20-2 2,6-Dinitrotoluene 

OU4 Phase II 
Scptcmbar 1,1994 D-4 



TABLE D-1 (Continued) 

CAS No. 

40 CFR PART 264 APPENDIX IX 
GROUND WATER MONITORING LIST 

Suggested 
Analytical POLS"' 
Method (ug/l) 

Chemical Name 

Dinoseb 

Di-n-octyl phthalate 

1,4-Dioxane 

Diphenylamine 

Disulfoton 

Endosulfan I 

88-85-7 8270 10 

1 17-84-0 8270 10 

123-91 -1 801 5 150 

122-39-4 8270 10 

298-04-4 8270 10 

959-98-8 8080 0.1 

Endosulfan I I  

Endosulfan Sulfate 

3321 3-65-9 8080 0.05 

103 1-07-8 8080 0.05 

Endrin 72-20-8 8080 0.1 

Endrin Aldehyde 742 1-93-4 8080 0.2 

Ethylbenzene 1 00-4 1 -4 8240 5 
i 

Ethyl methacrylate 

Ethyl methanesulfonate 

97-63-2 8240 5 

62-50-0 8270 10 

Famphur 

Fluoranthene 

11 Hexachlorobenzene 

52-85-7 8270 10 

206-44-0 8270 10 

I 118-74-1 I 8270 I 10 

Fluorene 

Heptachlor 

Heptachlor epoxide 

86-73-7 8270 10 

76-44-8 8080 0.05 

1024-57-3 8080 1 

Hexachlorobutadiene 

Hexachlorocyclopentadiene 

11 Hexachloropropene I 1888-71-7 I 8270 I 10 

87-68-3 8270 10 

77-47-4 8270 10 

Hexachloroethane 

Hexachlorophene 

D-5 

67-72-1 8270 10 

70-30-4 8270 10 

OU4 Phase I1 
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2-Hexanone 
~ 

591 -78-6 8240 I 50 



TABLE D-1 (Continued) 

40 CFR PART 264 APPENDIX IX 
GROUND WATER MONITORING LIST 

Suggested 
Analytical 
Method 

Chemical Name CAS No. 

8270 Indene( 1,2,3-cd)pyrene 

lsobutvl alcohol 

193-39-5 

78-83- 1 50 801 5 

8270 10 lsodrin 465-73-6 

78-59-1 10 8270 lsophorone 

lsosafrole 1 20-58-1 10 8270 

8270 Kepone 10 143-50-0 

(tot a1 '' Lead 40 

2 (total)'' 

126-98-7 

7470 

8240 

Mercury 

Methacrylonitrile 5 

Methaovrilene 9 1 -80-5 8270 10 

2 Methoxychlor 

Methyl bromide (Bromomethane) 

Methyl chloride (Chloromethane) 

8080 

8240 

72-43-5 

74-83-9 

74-87-3 

10 

8240 10 

10 3-Methylcholanthrene 

Methylene bromide (Dibromomethane) 

Methvlene chloride 

8270 

8240 

56-49-5 

74-95-3 

75-09-2 

5 

8240 5 

100 8240 

8240 

Methyl ethyl ketone (MEK, 2-Butanone) 

Methyl iodide 

78-93-3 

74-88-4 5 
- ~~~~ 

Methyl methacrylate 80-62-6 8240 5 

66-27-3 Metvl methanesulfonate 10 

10 

8270 

8270 2-Methylnaphthalene 

Methyl parathion 

9 1-57-6 

298-00-0 8270 10 

50 

10 

8240 

8270 

4-Methyl-2-pentanone 

Naphthalene 

108-1 0-1 

9 1 -20-3 

8270 130-1 5-4 10 

OU4 Phase I I  
September 1, 1994 D-6 



TABLE D-1 (Continued) 

N-Nitrosopiperidine 

N-Nitrosopyrrolidine 

40 CFR PART 264 APPENDIX IX 
GROUND WATER MONITORING LIST 

100-75-4 8270 10 

930-55-2 8270 10 
~~ - ~~ ~ - 

5-Nitro-0-toluidine 99-55-8 

Parathion 56-38-2 

PCBs -- 

8270 10 

8270 . 10 

8080 50 

PCDDs Polychlorinated dibenzo-p-dioxins 

PCDFs Polychlorinated dibenzofurans 

Pentachlorobenzene 

D-7 

(PCDD'sI _- 8280 0.01 

(PCDF's) -- 8280 0.01 

608-93-5 8270 10 

OU4 Phase I t  
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ITABLE D-1 (Continued1 

CAS No. 

PART 264 APPENDIX IX 
WATER MONITORING LIST 

Suggested 
Analytical POLS" 
Method (ug/l) 

Chemical Name 

Pentachloroethane 

Pentachloronitrobenzene 

76-01 -7 8270 10 

82-68-8 8270 10 

2,3,7,8-TCDD 

1,2,4,5-Tetrachlorobenzene 

1 ,l ,1,2-TetrachIoroethane 

1,1,2,2-TetrachIoroethane 

Tetrachloroethylene 

2,4,5-T 

1746-01 -6 8280 0.005 

95-94-3 8270 10 

630-20-6 8240 5 

79-34-5 8240 5 

127-1 8-4 801 5 0.5 

I 93-76-5 I 8150 I 2 

D-8 
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TABLE D-1 (Continued) 

40 CFR PART 264 APPENDIX IX 
GROUND WATER MONITORING LIST 

Chemical Name 

Notes: 

b/(Total) Where "total" is entered, all species in the ground water that contain this element are 
included. 

a/PQL - Practical Quantitation Limits (for informational purposes only) 
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TABLE D - 2  

GROUND WATER ANALYTICAL PROGRAM 
OU4 PHASE 11 RFI/RI 

~~ 

Analytical Group 

Chemical Name 

TCL Volatile Organics 

Acetone 

Benzene 

Bromodichloromethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

2-Chloroethyl vinyl ether 

Chloroform 

Chloromethane 

Dibromochloromethane 

1,l -Dichloroethane 

1,2-DichIoroethane 

1,l -Dichloroethene 

cis- 1,2-DichIoroethene 

trans-l,2-Dichloroethene 

1,2-Dichloropropane 

cis- 1,3-Dichloropropene 

trans-l,3-Dichloropropene 

Ethyl benzene 

2-Hexanone 

Methylene chloride 

4-methl-2-pentanone 

Styrene 

lI1,2,2-Tetrachloroethane 

Tetrachloroethene 

Toluene 

Analytical 
MethodW 

SW 8240 

SW 8240 

SW 8240 

SW 8240 

S W  8240 

SW 8240 

SW 0240 

SW 8240 

SW 0240 

sw 8240 

SW 0240 

S W  8240 

SW 8240 

SW 0240 

SW 0240 

sw 8240 

SW 0240 

SW 0240 

SW 8240 

sw 8240 

SW 0240 

SW 0240 

SW 0240 

SW 0240 

SW 0240 

SW 0240 

SW 0240 

D-10  

Wells to be 
sampled 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

PQLs" 

10 

1 

1 

10 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

10 

1 

10 

1 

1 

1 

1 

PRLsb' 

~~ ~ ~ 

10 

1 

1 

10 

1 

1 

1 

2 

1 

1 

1 

1 

1 

7 

1 

1 

1 

1 

1 

1 

10 

1 

10 

1 

1 

1 

1 

OU4 Phase II 
September 1,1994 



TABLE D-2 (Contin 

GROUND WATER ANALYTIC 
OU4 PHASE I I  RF 

ed) 

,L PROGRAM 
RI 

Analytical Group 

Chemical Name 

1 ,l ,l -Trichloroethane 

lI1,2-Trichloroethane 

Trichloroethene 

Vinyl acetate 

Vinyl chloride 

m,p-Xylene 

o-Xylene 

TCL Semivolatile Organics 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benzo(a) Anthracene 

Benzo(b)Fluoranthene 

Benzo(k)Fluoranthene 

Benzo(g, h,ilPerylene 

Benzs(a)Pyrene 

Benzyl Alcohol 

Bis(2-Ch1oroethoxy)Methane 

Bis(2-Chloroethyll Ether 

Bis(2-Chloroisopropyl) Ether 

Bis(2-Ethylhexyl) Phthalate 

Analytical 
MethodW 

sw a240 

sw a240 

sw a240 

sw a240 

sw a240 

S W  8240 

SW 8240 

S W  8270 

sw a270 

S W  8270 

sw a270 

sw a270 

sw a270 

sw a270 

sw a270 

SW 8270 

sw a270 

sw a270 

sw a270 

SW 8270 

dells to be 
sampled 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

selected 
vells only 

selected 
vells only 

selected 
vells only 

selected 
vells only 

selected 
vells only 

selected 
vells only 

selected 
vells only 

selected 
vells only 

selected 
vells only 

selected 
vells only 

selected 
vells only 

selected 
wells only 

selected 
wells only 

Water (ug/l) 

POLS" 

1 

1 

1 

10 

1 

1 

1 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

PRLsb' 

1 

1 

1 

10 

1 

1 

1 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

D-1 1 
OU4 Phase II  

September 1, 1 Sa4 



TABLE D-2 (Continued) 

GROUND WATER ANALYTICAL PROGRAM 
OU4 PHASE II RFllRl 

Analytical Group 

Chemical Name 

4-Bromophenyl Phenyl Ether 

Butylbenzylphthalate 

4-Chloroaniline 

2-Chloronaphthalene 

4-Chlorophenyl Phenyl Ether 

C h ryse n e 

Bibenzo(a, h1Anthracene 

Dibenzofuran 

Di-n-Butylphthalate 

1,2-DichIorobenzene 

1,3-DichIorobenzene 

1 ,4-Dichlorobenzene 

3,3'-Dichlorobenzidine 

Diethyl phthalate 

Dimethyl phthalate 

2,4-Dinitrotoluene 

2,6-Dinitrotoluene 

Di-n-Octylphthalate 

Analytical 
MethodW 

SW 0270 

sw a270 

SW 0270 

SW 0270 

SW 0270 

S W  0270 

S W  0270 

sw 8270 

SW 8270 

S W  8270 

SW 8270 

S W  8270 

SW 0270 

sw 8270 

SW 8270 

sw a270 

SW 0270 

S W  8270 

Wells to be 
sampled 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

Water (ug/l) 

PQLsO' 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

20 

10 

10 

10 

10 

10 

PRLsb' 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

20 

10 

10 

10 

10 

10 

D-12 
OU4 Phase I1 

September 1, 1994 



TABLE D-2 (Continued) 

GROUND WATER ANALYTICAL PROGRAM 
OU4 PHASE I I  RFllRl 

Analytical Group 

Chemical Name 

Fluoranthene 

Fluorene 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachlorocyclopentadiene 

Hexachloroethane 

Indene( 1,2,3-cd) Pyrene 

lsophorone 

2-Methylnaphthalene 

Naphthalene 

2-Nitroaniline 

3-Nitroaniline 

&Nitroaniline 

Nitrobenzene 

N-Nitrosodiphenylamine 

V-Nitrosodipropylamine 

Phenanthrene 

Pyrene 

Analytical 
MethodW 

~ 

SW 0270 

SW 0270 

SW 0270 

SW 0270 

S W  0270 

sw a270 

SW 0270 

SW 0270 

S W  0270 

sw a270 

S W  0270 

SW 0270 

S W  0270 

SW 0270 

SW 0270 

SW 0270 

SW 0270 

SW 0270 

Wells to be 
sampled 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

Water (uQ/~) 

P Q L S ~  

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

25 

25 

25 

10 

10 

10 

10 

10 

- 

PRLsb' 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

25 

25 

25 

10 

10 

10 

10 

10 

D-13 
O U 4  Phase I I  
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TABLE D-2 (Continued) 

GROUND WATER ANALYTICAL PROGRAM 
OU4 PHASE I I  RFVRI 

Analytical Group 

Chemical Name 

1,2,4-Trichlorobenzene 

Benzoic Acid 

4-Chloro-3-methyl phenol 

2-Chlorophenol 

2,4-Dichlorophenol 

2,4-Dimethylphenol 

4,6-Dinitro-2-Methylphenol 

2,4-Dinitrophenol 

2-methyl phenol 

4-methyl phenol 

2-Nitrophenol 

4-Nitrophenol 

Pentachlorophenol 

Phenol 

2,4,5-Trichlorophenol 

2,4,6-Trichlorophenol 

~ 

Analytical 
MethodW 

SW 8270 

SW 8270 

sw 8270 

sw 8270 

SW 0270 

SW 8270 

SW 8270 

S W  8270 

SW 8270 

SW 0270 

SW 8270 

SW 8270 

sw 8270 

SW 0270 

SW 0270 

SW 0270 

~ 

Wells to be 
sampled 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells onlv 

Water (ug/l) 

PQLs* 

10 

25 

10 

10 

10 

10 

25 

25 

10 

10 

10 

25 

25 

10 

25 

10 

PRLsb' 

10 

25 

10 

10 

10 

10 

25 

25 

10 

10 

10 

25 

25 

10 

25 

10 

D-14 
OU4 Phara II 

September 1, 1994 



Analytical Group 

Chemical Name 

TABLE D-2 (Continued) 

GROUND WATER ANALYTICAL PROGRAM 
OU4 PHASE II RFI/RI 

Wate 

~ 

Pesticides/PCBs 

Aldrin 

Alpha - BHC 

Beta - BHC 

Delta - BHC 

Gamma - BHC 

Alpha Chlordane 

Gamma Chlordane 

4,4-DDD 

4,4-DDE 

4,4-DDT 

Dieldrin 

Encosulfan I 

Endosulfan I I  

Endosulfan Sulfate 

Endrin 

Endrin Keytone 

Endrin Aldehyde 

Analytical 
Method" 

SW 8080 

SW 8080 

SW 8080 

SW 8080 

SW 8080 

SW 8080 

SW 8080 

SW 8080 

SW 8080 

SW 8080 

SW 8080 

SW 8080 

S W  8080 

SW 8080 

S W  8080 

SW 8080 

SW 8080 

Wells to  be 
sampled 

-~ 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells onlv 

POLS" 

0.04 

0.03 

0.06 

0.09 

0.04 

0.05 

0.05 

0.1 1 

0.04 

0.1 2 

0.02 

0.14 

0.04 

0.66 

0.06 

0.10 

0.23 

PRLsb' 

0.04 

0.03 

0.06 

0.09 

0.04 

0.05 

0.05 

0.1 1 

0.04 

0.12 

0.02 

0.14 

0.04 

0.66 

0.06 

0.10 

0.23 

D-I 5 
OU4 Phase II 

September 1. 1994 



Analytical Group 

Chemical Name 

TABLE D-2 (Continued1 

GROUND WATER ANALYTICAL PROGRAM 
OU4 PHASE II  RFI/RI 

Water (ug/l) 

Heptachlor 

Heptachlor Epoxide 

Methoxychlor 

Toxaphene 

Aroclor 101 6 

Aroclor 1221 

Aroclor 1232 

Aroclor 1242 

Aroclor 1248 

Aroclor 1254 

Aroclor 1260 

Radiochemistry"' (pCi/l) 

Tritium 

Plutonium 239/240 

Uranium 233/234/235/238 

Americium 241 

Cesium 13411 37 

Strontium 89/90 *' 
Radium 226 

Radium 228 

Gross AlDha 

Analytical 
Method" 

~ 

S W  8080 

SW 8080 

sw 8080 

S W  8080 

sw 8080 

sw 8080 

SW 8080 

sw 8080 

sw a080 

sw 8080 

sw 8080 

see GRRASP 
for specific 
methods 

Wells to be 
samded 

~ 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells only 

selected 
wells onlv 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

PQLsd 

0.03 

0.83 

1.76 

2.40 

2.00 

2.00 

1.30 

0.65 

0.65 

0.65 

0.65 

400.00'' 

0.01 c' 

0.60d 

0.10"' 

1 .0OC' 

5.00" 

0.05"' 

1 .OO"' 

2.00" 

PRLsb/ 

0.03 

0.83 

1.76 

2.40 

2.00 

2.00 

1.30 

0.65 

0.65 

0.65 

0.65 

400.00"' 

0.01 c' 

0.60'' 

0.10'' 

1 .OO"' 

5.00" 

0.05'' 

1 .OO" 

2.00" 

D-16 
OU4 Phase II 
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TABLE D-2 (Continued] 

GROUND WATER ANALYTICAL PROGRAM 
OU4 PHASE II RFllRl 

Analytical Group 

Chemical Name 

Gross Beta 

TAL Metals *' 
Aluminum 

Antimony 

Arsenic 

Barium 

Bery I I i u m 

Cadmium 

Calcium 

Cesium 

Chromium (total) 

Chromium (hexavalent) 

Cobalt 

Copper 

Iron (total) 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Molybdenum 

Nickel 

Potassium 

Selenium 

Silicon 

Silver 

Sodium 

Strontium 

Thallium 

Analytical 
Method" 

SW 6010 

SW 6010 

sw 7xxx f' 
SW 601 0 

SW 6010 

sw 7xxx f/ 

SW 6010 

SW 6010 

SW 6010 

SW 7196 

SW 6010 

SW 6010 

SW 6010 

sw 7xxx f' 
SW 6010 

SW 6010 

SW 601 0 

SW 747017 1 

SW 6010 

SW 6010 

SW 6010 

sw 7xxx '' 
SW 6010 

SW 6010 

SW 6010 

SW 6010 

SW 6010 

D-17 

_ _ _ _ ~  

Wells to be 
sampled 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

Water (ugll) 

PQLsd 

4.00" 

200 

60 

5 

200 

5 

1 

5000 

1000 

10 

5 

50 

25 

100 

5 

10 

5000 

15 

0.2 

20 

40 

5000 

5 

100 

10 

5000 

200 

10 

PRLsb' 

4 - 00"' 

200 

60 

5 

200 

5 

1 

5000 

1000 

10 

5 

50 

25 

100 

5 

10 

5000 

15 

0.2 

20 

40 

5000 

5 

100 

10 

5000 

200 

10 

OU4 Phase II 
September 1, 19S4 



TABLE D-2 (Continued) 

GROUND WATER ANALYTICAL PROGRAM 
OU4 PHASE II RFVRI 

all wells 

all wells 

~ ~ ~~ 

Analytical Group 

200 

50 

Chemical Name 

all wells 

all wells 

all wells 

all wells 

all wells 

Tin 

Vanadium 

Zinc 

5,000 

5,000 

20,000 

10,000 

5,000 

An ion si' 

Fluoride 

Sulfate 

Nitrate 

Nitrite 

Bromide 

Miscellaneous (mg/l) 

Ammonia - Nitrogen 

Nitrogen - Nitrate + Nitrite 

Alkalinity 

Total Dissolved Solids 

Total Susoended Solids 

Analytical 
Method"' 

SW 6010 

SW 6010 

SW 6010 

€PA 300.0 

€PA 300.0 

EPA 300.0 

EPA 300.0 

EPA 300.0 

EPA 350.2 

EPA 353.2 

EPA 310.1 

EPA 160.1 

EPA 160.2 

I Water (ug/t) 

Wells to be 
sampled 

j 20 all wells 

all wells 

all wells 

all wells 

all wells 

all wells 

200 

200 

100 

100 

200 

PRLsb' 

200 

50 

20 

200 

200 

100 

100 

200 

5,000 

5,000 

20,000 

1 0,000 

5,000 

TCL Target Compound List 
TAL Target Analyte List 

POLS = Practical Quantitation Limits. a/ 

bl 

C/ 

d l  

el 

11 

PRLs = Project Reporting Limits chosen from the POL to meet project specifications. 
All water radiochemical analyses are reported in pCi/l, gross alpha and beta collected for 
both total and filtered analyses. 
Strontium 89/90 is not currently listed in the GRRASP. 
All metals will be collected for both total and dissolved analyses. 
SW7XXX represents graphite furnace methods SW7421, SW7740, SW7840, and 
SW7060. 
Hexavalent chromium is not currently listed in the GRRASP by Method 71 96. 
Cold vapor extraction methods 
Bromide, Nitrate, and Nitrite are not currently listed in the GRRASP by Method 300.0. 
GRRASP General Radiochemistry and Routine Analytical Services Protocols 
Analytical method specified in 40 CFR Part 264 Appendix IX, Ground Water Monitoring 
List. 

022I724629182.WPF 

D-18 
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